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PREFACE

The Department of Energy (DOE) is examining options for disposing of excess weapons-usable nuclear materials
(principally plutonium and highly enriched uranium) in a form or condition that is substantially and inherently more
difficult to recover and reuse in weapons production. The potential environmental impacts of facilities designed to
implement disposition alternatives will be described inSt@rage and Disposition of Weapons-Usable Fissile Mate-
rial Programmatic Environmental Impact Statemé@rElS).

The PEIS will examine the environmental, safety, and health impacts of implementing each disposition alternative
on land use, facility operations, and site infrastructure; air quality and noise; water, geology, and soils; biotic, cultural,
and paleontological resources; socioeconomics; human health; normal operations and facility accidents; waste man-
agement; and transportation. This data report is prepared to assist in estimating the environmental effects associated
with the construction and operation of a Deep Borehole Disposal Facility, an alternative under consideration for inclu-
sion in the PEIS.

The facility projects under consideration are, for the most part, not site specific. This report therefore concentrates
on environmental, safety, and health impacts at a generic site appropriate for siting a Deep Borehole Disposal Facility.
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1. DEEP BOREHOLE DISPOSAL FACILITY—MISSIONS
ANDIASSUMPTIONS

1.1 Deep BoreHoLE DisposaL FaciLITY In response to the directive to the DOE, the Fissile
Mssions Materials Disposition Program (FMDP) was created by

the DOE to investigate the available alternatives. In a DOE-

Directives and Mission sponsored study by the Committee on International Secu-

rity and Arms Control of the National Academy of Sci-
Following President Clinton’s Non-Proliferation Ini-ences entitled the “Management and Disposition of Excess
tiative, launched in September, 1993, an Interagency WowWeapons Plutonium” in January 1994, the three most
ing Group (IWG) was established to conduct a compreromising alternatives for long-term disposition of excess
hensive review of the options for the disposition ofleapons plutonium satisfying these aims were identified
weapons-usable fissile materials from nuclear weapons dis-the following:
mantlement activities in the United States and the former
Soviet Union. The IWG review process will consider tecli-.  Fabrication and use of excess plutonium as fuel, with-
nical, nonproliferation, environmental, budgetary, and eco- out reprocessing, in existing or modified nuclear
nomic considerations in the disposal of plutonium. The reactors;
IWG is co-chaired by the White House Office of Science
and Technology Policy and the National Security Coul: Vitrification of excess plutonium in combination with
cil. The Department of Energy (DOE) is directly respon- high-level nuclear waste (HLW) and subsequent dis-
sible for the management, storage, and disposition of all posal in a high-level nuclear waste repository; and
weapons-usable fissile material.
3. Geologic disposal of the excess plutonium in deep
The Department of Energy has been directed to pre- boreholes.
pare a comprehensive review of long-term options for
Surplus Fissile Material (SFM) disposition, taking into  Accordingly, the DOE has initiated a number of
account technical, nonproliferation, environmental, bug+ojects within the FMDP to investigate these and other
getary, and economic considerations. DOE’s objectivaliernatives. In particular, it created the Geologic Disposal
in this task include the following: Options (GDO) Task, having the charter to investigate all
geologic options except emplacement in the Mined Geo-
»  Strengthening of rigonal and intenational arms con- logic Disposal System, which is currently being developed
trol efforts by preiding an aemplay model ér stor- for high-level waste (MGDS-HLW). It is the purpose of
age of all weapons-usable fissile materials and dithe GDO Task to develop a sufficient information base
position of surplus weapons-usable fissile materialér these options to allow assessment of each option in a
Programmatic Environmental Impact Statement and to per-
» Ensuring that storage and disposition of weaponsgnit comparison with the MGDS-HLW, for which a sub-
usable fissile materials is carried out in compliancstantial base of data and evaluatory studies already exist.
with ES&H standards;
Deep Borehole Disposition Alternatives
*  Minimizing the pospect that surplus U.S. weapons-
usable fissile maerials could be eintroduced into Driven by the recommendation of the NAS study and
arsenals fom which they came and thefore increas- by a belief that the concept might offer advantages in ef-
ing the pospect ofeciprocal measwes ly Russia and fectiveness, cost, and speed for the Program mission, the
other nuclear powers; initial focus of the GDO Task is on the Deep Borehole
Disposition Option. The Deep Borehole Disposition Task
* Minimizing the risk that surplus U.S. weapons-usablgill investigate in detail the feasibility of Direct and Im-
fissile materials could be obtained by unauthorizeahobilized Disposal of these fissile materials within deep
parties; and boreholes drilled in appropriate stable geologic formations.
The DOE has requested the Lawrence Livermore National
» Achieving these objectives in a timely and costaboratory and the Los Alamos National Laboratory to
effective manner. undertake this effort.
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The preparation of a Programmatic Environmentabreholes are several thousands of meters greater than those
Impact Statement is a requirement of the National Envif mined geologic repositories. The plutonium-loaded ce-
ronmental Policy Act (NEPA). This report presents themic pellets, containing 1% plutonium by weight, are
data and supporting information necessary for the prepaixed with an equal volume of plutonium-free ceramic
ration of a PEIS for Immobilized Disposal of Plutoniunpellets and a specially formulated sealing grout, and the
in a Deep Borehole. The data consists of summaries of thixture is emplaced in the emplacement zone of the bore-
facility design issues and concepts; descriptions of the Fele without any canisters. The plutonium-free ceramic
cility structures, their layout, and the required support s@ellets serve as an inexpensive filler material and reduce
vices; descriptions and quantities of the environmenthk effective plutonium loading of the pellets to 0.5%. The
emissions, effluents, and wastes generated by the facilitglume fraction of the ceramic pellet aggregate in the pel-
and its resource and employment needs. The data coletrsgrout mixture is selected to be close to the maximum
the construction, operation, closure, and post-closure pgacking fraction for spherical pellets to prevent further
formance phases of the facility. In addition to the concejncrease or segregation of pellets through settling. The
tual design and the PEIS data for the facility, the repagramic material is assumed to be a tailored material con-
also addresses the Research, Development, Testing, taming the phases zirconolite (CaZ®i) and perovskite
Risk Assessment activities that are required to support (&&aTiO;) in appropriate proportions and to be approxi-
engineering design and site selection for an actual facilityately 4.0 g/criin density. A total of 1,250of Pu-loaded

pellets containing 12.5[fof Pu is emplaced in a single bore-

The design presented in this report is a preliminahple. Thus, the full 50 of plutonium available for dis-
conceptual design for a new Deep Borehole Disposal p@sal is disposed in four deep boreholes. Once the em-
cility for Immobilized Disposal of Surplus Fissile Materiplacement zone of the borehole is filled with emplaced
als that, if built, would fully comply with applicable exist-material, the “isolation zone,” extending from the top of
ing environmental, safety, and health laws, regulatiortae emplacement zone to the ground surface, is filled and
and orders. However, this design is only conceptual andéaled with appropriate materials.
not intended to serve as a basis for setting up new engi-
neering design and safety standards. These standardslcdnl.1 Proliferation Resistance
be established only after significant additional work. The
Deep Borehole Disposal Facility accepts surplus fissile The high resistance to fissile material recovery of-
materials as plutonium-loaded ceramic-coated ceramic feked by emplacement in the deep borehole in the present
lets for permanent disposal in deep stable geologic fornukesign arises from two sources. First, because of the great
tions. The disassembly and conversion of the original feéelpth and the resulting difficulty of gaining access (see
materials and the immobilization of the plutonium in thislational Academy of Sciencdglanagement and Dispo-
disposal form are assumed to be performed at a sepasitten of Excesg/egons Plutonium.994),the dep bote-
Disassembly, Conversion, and Immobilization Facility dtole design offers a very high degree of security against
a different site. ADeep Boehole Disposal &cility PEIS recovery by all except the host government in possession
Data Input Report for Direct Dispos@Vijesinghe et@l., of the disposal site. Recovery by even the host govern-
15 January, 1996) similar to this report has been prepameent would be a difficult, expensive, hazardous, time-con-
for direct disposal of plutonium in a Deep Borehole Disuming, and easily detectable under taking. Thus, it is es-
posal Facility. sentially a method for permanent disposal of the fissile

material without the intent of later retrieval. The immobi-
1.1.1 Overview of Deep Borehole Disposal lized ceramic pellet disposal form used in this design con-
Facility Design Concept fers a second layer of proliferation resistance because it
increases the difficulty of processing any mined-out ma-

In the deep borehole concept for geologic disposaltefial into weapons-usable fissile material. Additional lay-
surplus fissile materials, the material will be emplaced @rs of defense against proliferation can be embedded in
the lower part of one or more deep boreholes drilled ine ceramic pellet disposal form by including optional
tectonically, hydrologically, thermally, and geochemicallghemicals that inhibit chemical separation, increase neu-
stable rock formations (see Figure 1.1.1-1). Deep, Precanon absorption, or increase the difficulty of separation of
brian crystalline plutonic/metamorphic rock formationthe fissile isotopes. The degree of physical dilution and
appear to have the most favorable characteristic for deke difficulty of chemical separation increase the prolif-
borehole disposal of fissile materials. The depths consetation resistance provided by the ceramic disposal form.
ered for the “emplacement zone™® km) in the deep
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TYPICAL ARRANGEMENT OF DEEP BOREHOLE
WITH EMPLACED CERAMIC PELLET-GROUT MIX
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1.1.1.2 Isolation of Radionuclides from essentially stagnant at great depths at appropriately selected
the Biosphere sites. If the brine flow velocity is negligible as a result of
appropriate site selection, the transport will occur at an
The deep borehole concept relies on the great distargé&remely slow rate by molecular diffusion only. There-
from the biosphere and on the properties and integrityfofe, another key design objective would be to minimize
the surrounding rock to isolate the emplaced fissile raditre flow of brine through the deep borehole, first by se-
nuclides from the biosphere over an indefinitely long peecting a site with as few natural flow pathways and flow-
formance period. Because plutonium has a very long haffitiating forces as possible, and second by inserting engi-
life (24,400 yr), and it decays to the even longer-lived (71@ered barriers to fluid flow between the disposal form
million year half-life) fissilez3%U, the length of this per- and its surroundings.
formance period is required to be much longer than the
operational lifetimes of the order of 10,000[yr specifietEngineered Hydraulic Barriers
for nuclear waste repositories. The depth of the emplace-
ment zone will be selected on the basis of performance Engineered flow barriers can take many forms. First,
analyses to ensure that the radionuclides emplaced indhaisters can be used to contain and confine the disposal
borehole either will never reach the biosphere, or will d&rm; second, hydraulic seals can be installed within the
cay to innocuous levels by the time they do reach the bimrehole surrounding the canistered disposal form to pre-
sphere. The expectation that the deep borehole conoepit the passage of brine. However, given the corrosive
will be able to offer such performance is based on (1)&hature of the brines and the high temperatures and stresses
very slow movement of groundwater at great depths, (2)@uedepth, it is unlikely that any canister would survive more
very slow release of radionuclides to the flowing grountkhan a few hundred years. Therefore, canisters increase
water by the disposal form, (3)[fhe retardation of the mowvilse safety of the surface processing and emplacement op-
ment of dissolved radionuclides by physico-chemical irrations but do not significantly contribute to long-term
teractions with the rock, and (4)the capability to perforpost-closure performance of the deep borehole disposal
the drilling, emplacing, and borehole sealing operationsethod. Accordingly, a canisterless concept was selected
without compromising the natural barriers of the geosphdaeg this design. Second, specially formulated sealing plugs,
or establishing new pathways for transport of the radionmade from durable nearly-natural sealing materials, will

clides to the biosphere. be installed across the entire borehole cross section at stra-
tegic locations within the borehole. In addition, natural
Fissile Radionuclide Release Barrier fractures and the drilling-induced near-field damage zone

will also be sealed to reduce the influx of brine.

The fissile radionuclides may be emplaced either in
their original physical and chemical forms, or they magngineered Transport Barriers
be first converted into an “immobilized” form that is more
resistant to being dissolved by the brine at depth. Dissolu- Engineered hydraulic barriers at depth are unlikely to
tion “releases” the material to the flowing brine that tranbe perfect seals and may degrade with time. Since pre-
ports it away from the borehole, through the geospheventing the escape of contaminants from the borehole,
possibly towards the biosphere. The rate of release of plather than preventing the transit of water through the bore-
tonium to the flowing brine is proportional to the produdtole, is the ultimate objective of barrier design, imperfec-
of the intrinsic dissolution rate of the disposal form peions in the design of hydraulic barriers can be offset by
unit exposed surface area and the total surface areaexploiting the capability of certain materials to sorb dis-
posed to the flowing brin& herefore, a primary focus in solved contaminants in the same way that contaminants
designing this deep boreholkcility has been to select aare sorbed by the host rock. This presents an opportunity
“disposal form” that is both highy resistant to dissolu- to embed a supplementary “chemo-sorptive transport bar-
tion and mobilization by the brine and that has the lowesér” functionality in engineered hydraulic seals. Finally,
possille exposed sukfce aea.The ceamic coséing on the through the proper choice of geochemically compatible
plutonium loaded ceramic pellets is designed to incredsarehole sealants and by introducing appropriate chemi-
the dissolution resistance even further and to reduce ta¢additives, it may be possible to alter the aqueous chem-
health hazard from the plutonium bearing ceramic dustry of the brine within the borehole to reduce the disso-
during surface processing and emplacement in the bdrdion rate of the disposal form.
hole. Transport of the plutonium released by dissolution
through the geosphere will occur by both advective trans- Unlike radioactive fission products in high-level waste
port by the flowing brine and molecular diffusion in th@and in spent fuel, plutonium does not generate a signifi-
brine and rock. The brines, however, are believed to tent amount of heat (less than 3 W/kg for plutonium due
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to radioactive decay). As a result, heat generation by #it stresses, there is also evidence that great depth does
disposal form is not large enough to disturb the stagnawat guarantee that the fractures and faults will be closed.
fluid regime at depth. However, sealing material degrada-

tion, enhanced dissolution of the disposal form by oxi- More importantly, in normally pressurized host rock
dants produced by water radiolysis, and gas generatiordia at large depths, there is likely to be negligible net
due to degradation of materials must be considered. [oiving pressure to cause fluid flow, as indicated by the
example, plutonium emits alpha radiation, which is knowpresence of ancient connate waters in granitic rocks at great
to cause transformation of bentonitic sealing materialsdepths. One force that potentially could initiate fluid cir-
amorphous silicious masses. These factors are particulatijation at depth is the buoyancy pressure force caused by

important to the durability of engineered barriers. the increase of temperature with depth. However, effec-
tive fluid density is a function not only of temperature but
The Natural Transport Barriers also of the concentration of salt in solution. In normally

pressurized areas with normal geothermal gradients (15—

Irrespective of whether the contaminant is transport@8°C/km), it can be shown that the presence of moderate
by advection with the flowing brine and/or by moleculasalinity gradients (e.g., 2% per km) would prevent hydro-
diffusion, the contaminant will interact physico-chemicallfhermohaline instabilities from developing into fluid cir-
with the surrounding rock with the result that a portion @fulation loops for even relatively large fracture
it will be sorbed on to the rock surface. Sorption of theermeabilities. The stability of this staghant fluid regime,
contaminant by the rock reduces the effective speed witbwever, can be disturbed in a number of ways. These
which the contaminant moves through and disperses witimelude, for example, the introduction of large heat sources
the rock by both advection and molecular diffusion. The.g., heat of radioactive decay from HLW or criticality-
greater the sorption by the rock the slower is the movaduced heating and steam generation), formation of pres-
ment of the contaminant away from the source. Consexized fluid zones by earthquake-generated rock mass
guently, the geosphere itself serves as a “natural transpiisplacements, and the linking-up of highly permeable
barrier” that helps to retard the escape of the contaminagxssting fault zones by further faulting. Therefore, to ex-
from the borehole and their subsequent movement towapdisit the absence of fluid flow and convective transport,
the biosphere. Plutonium, in particular, is highly sorbedriteria for the selection of a site for a deep borehole dis-
and its movement retarded, by most rock types; tpesal facility must include the following: (1)Seismic sta-
unretarded transport time is increased by a factor of Soiity, (2)Ibw geothermal gradient, (3)[igh salinity gra-
10,000. For example, neglecting the dissolution rate lindient, (4)dbw density of fracturing, (5)fhe absence of
tation on plutonium mobilization, if the brine at an avemearby active fault zones, and (6)fhe presence of very old,
age depth of 3 km flows towards the surface at a uniformdisturbed connate water.
velocity of 1 cm/yr, and the retardation factor is uniform
and is equal to 1000, the travel time to the surface for pll-1.1.3 Pre-Closure Safety
tonium dissolved in brine at that depth would increase from
300,0000yr to 300 million yr. The environmental, safety, and health impacts of the

transporting, processing, emplacing, borehole sealing, de-

At great depths in tectonically, thermally, hydraulieontaminating, and decommissioning activities that pre-
cally, and geochemically stable rock formations, the bricede the closure of the deep borehole facility are impor-
flow velocities are expected to be very small. This is athnt issues that affect the decision to choose a disposition
vantageous because it reduces the corrosion and degrattarnative. However, compared with the difficulties and
tion of emplacement canisters and borehole seals, the tateertainties involved in ensuring post-closure safety over
of release of fissile materials to ground water through disna indefinitely long performance period, the risks of pre-
solution, and the rate of convective transport of dissolvetbsure safety are controllable aspects of the deep bore-
contaminants through the surrounding geosphere towahdde facility design whose risks can be reduced to accept-
the biosphere. Usually, candidate host rock types are akie levels by adopting appropriate facility design safety
pected to have few fractures at depth, and the aperturemgins and administrative procedures. Accordingly, Pre-
and hydraulic conductivities of the fractures that do exi€losure Safety is an important but secondary issue in deep
are expected to be much smaller than at shallow depthstehole facility design.
However, this is an area of controversy, because although
the porosity and permeability of intact plutonic/metamor-  The design of the Deep Borehole Facility will include
phic rocks are expected to be very small at great depthe basic controls for assuring nuclear criticality safety in
because of flow and healing under large compressivetire Surface Processing Facility and the Emplacing—
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Borehole Sealing Facility, during on-site transportation & particular, it is necessary to consider the moderating
disposal form between the site perimeter and the Surfafiects of hydrogen in the bound water in the concrete/
Processing Facility, and during transportation of procesggmbuts and in the brine invading the interstitial pore space
disposal form from the Surface Processing Facility to tlog all materials external to the emplacement canister.
Emplacing—Borehole Sealing Facility. The process designs
will satisfy the double contingency principle, thatis, “pro- A considerable effort has been devoted in the present
cess designs shall incorporate sufficient safety factorsdesign to ensuring criticality safety of the initial emplace-
that at least two unlikely, independent, and concurrement configuration. Some effort has been expended on
changes in process conditions must occur before a critivalyzing the criticality safety of accidents during the em-
cality accident is possible” (DOE Order 5480.24). Basj@acement process. These results, which are briefly out-
control methods for the prevention of nuclear criticalitimed in Section 2.2.6.3, indicate that the design has a large
include the following: margin of criticality safety in the initial emplacement con-

figuration.
1. Provision of safe geometry (preferred).

1.1.1.4 Post-Closure Criticality Safety
2. Engineered density and/or mass limitation.

Depending upon the circumstances, criticality of the

3. Provision of fixed neutron absorbers. plutonium disposed in the subsurface may become an is-
sue after a long period of time. In contrast to nuclear waste

4. Provision of soluble neutron absorbers. disposal, criticality rather than the heat generation rate,
will be the primary determinant of the plutonium loading

5. Use of administrative controls. in the emplaced disposal form. Among the issues that need

to be addressed are: (1)he impact on criticality safety of
Although geometric controls are used extensivelyoderation by the hydrogen in brine that will permeate

wherever practical, there are cases where geometric cibre- borehole and the disposal form, (2)[@riticality due to
trol alone cannot practically provide assurance of criticalissolution, transport, and precipitation/sorption scenarios,
ity safety. In these cases, engineered controls can be USg@riticality under earthquake disrupted emplacement
to control neutron moderation, neutron absorbing poisoggometries, (4)the consequences of post-closure critical-
and the mass and concentration/density of the materiaiy on borehole sealing, (5)fuid circulation in the

geosphere due to criticality induced heat generation,
Criticality Safety of Initial Emplacement (6)[production and possible transport of fission product
Configuration and Emplacement Accidents contaminants to the biosphere, and (7)lfhe venting of the

borehole due to complete failure of containment during a

In canistered design concepts, the initial criticality afriticality event. Also, (8)[the addition of neutron absorb-

the plutonium in the emplacement configuration at erars poisons (e.g., gadolinium, hafnium, europium, sa-
placement time can be controlled by appropriate choicern&rium, boron) as insurance against criticality and as a
the plutonium concentration in the disposal form, the deeans of increasing plutonium loading in the disposal form
sign dimensions, spacing, and arrangement of the dispasithout inducing criticality must be investigated. If neu-
form within the emplacement canister, the spacing betweenn poisons are added to the disposal form for these pur-
the emplacement canisters, and the composition depposes, then another issue that needs to be assessed is
dent nuclear properties of the materials used in the desi(@).the effect of separation of the neutron poison from the
In the present uncanistered design concept, downhole cptistonium it is designed to control during disposal form
cality is controlled by adjusting the plutonium loading andissolution, neutron poison release, and sorptive transport.
concentrations of neutron-absorbing additives in the dis-
posal form for criticality safety in different pellet packind-ong-Term Criticality Safety of Undisrupted
configurations, with emphasis on the close-packed arranggenfigurations
ment of the pellets. The criticality analyses used for de-
signing the emplacement configuration must account for In addition to the considerations addressed in Section
not only the presence of the fissile material, but also thel.1.3 regarding criticality safety at the time of initial
moderation, reflection, and absorption nuclear propertiesiplacement, additional short-term, intermediate-term,
of the different materials. The materials that must be caamd long-term scenarios will have to be considered to
sidered in the analyses include the sealant materials witbirmluate criticality safety under normal operating and natu-
the emplacement canister, the canister material, the sealevent—-induced accident conditions. Long-term critical-
ants/concretes between the canister and the borehole vitgllevaluations are necessary because B8u and its
and the properties of some portion of the host rock itsedfpha-decay produ@B®U are fissile and very long lived
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(half-lives 24,400 and 7.4108 yr, respectively). In par- Long-Term Criticality Safety of Geochemical
ticular, short-term scenarios in which the emplacemeReconcentration Scenarios
configuration remains unaltered, but the flow barriers to
brine influx from the surrounding geosphere have failed, In addition to the foregoing scenarios, it is necessary
must be considered. In canistered disposal designs, dumtevaluate the long-term risk of criticality within the bore-
any one of a number of possible mechanisms such as ¢mle or within an undetected closely spaced set of frac-
rosion, stress-corrosion cracking, earthquake etc. eventilres in the surrounding host rock, dueslow but con-
most corrosion resistant canisters are likely to fail aftetiauousleaching of plutonium from the disposal form by
relatively short period of, say, 200 yr. This is particularlgecirculating brine, transport into other regions, and
true because of the high temperature (1202apand high reconcentration at one location throwghbw but continu-
salinity (as much as 30%) of the brines within a deep bomisprecipitation or sorption under different conditions of
hole. Consequently, the entire borehole, including the caemperature and brine chemistry. The existence of suffi-
ister, the interstitial pore space of the concrete, the seaéntly large brine flow velocities, originating from ther-
ants, and the Pu disposal form will become saturated wittohaline convective instability of brine in fractures or
brine from the external environment. The Pu disposal fomther mechanism, would be necessary for gedthemi-
and the spacing and geometric configuration of empla@al reconcentratiorscenarios to be of concern. However,
ment must be designed to be safe under such a scenarieliminary estimates show that even moderate salinity
The present ceramic pellet disposal concept does not gradients have a strongly stabilizing effect and prevent the
ploy canisters and is thus immune to these types of critiitiation of brine circulation.
cality safety problems. Furthermore, because the effective
plutonium loading of the emplaced disposal form is very No quantitative analyses of criticality safety of the
low, calculations indicate that no combination of physieng-term geochemical reconcentration scenarios have
cally disruptive events, short of geochemical dissolutidreen performed because of resource and time limitations.
and reconcentration, can induce criticality in any initial decause of the complexity of the coupled phenomena and
disrupted configuration of the borehole. the significant effort that would be required, these analy-
ses will be deferred to the research and development pro-
Some effort has been devoted in the present desiggtam which will be undertaken in the first 5§lears of the
ensuring long-term criticality safety of undisrupted endeep borehole disposition program.
placement configurations. These analyses, which are
briefly outlined in Section 2.2.6.3, indicate that the desigh1.1.5 Timeliness of Implementation
has a large margin of criticality safety in the undisrupted
emplacement configuration. The primary impediment to speedy implementation
of the deep borehole disposal method is the length of time
Long-Term Criticality Safety of Disrupted required for the research, development, testing, site char-
Configurations acterization activities (an estimated 5-10 yr), and the sub-
sequent licensing and permitting. Once these activities are
Furthermore, it is necessary to consider additionedmpleted, preliminary cost estimates show that the deep
long-term scenarios in which the geometric configuratidrorehole disposal facility can be rapidly built at a rela-
at emplacement is completely disrupted, the plutoniumtirely low cost compared to other final disposition options.
the disposal form is redistributed either by physical rear-
rangement or by leaching out by brine, and additional di-1.1.6 Cost of Implementation
solved plutonium from another location in the borehole
invades and displaces the non-Pu-bearing brine within the The cost of the research, development, site character-
pore space. ization and licensing activities can be a significant com-
ponent of the overall cost. If an immobilized disposal form
A moderate amount of effort has been devoted in tleeadopted for enhanced proliferation resistance and dis-
present design to ensuring criticality safety of disruptelution resistance, then (depending on the level of pluto-
emplacement configurations. These analyses, which arem loading used for criticality control) the disposal form
briefly outlined in Section 2.2.6.3, indicate that the desigrost may also be significant. However, the cost of an
has a significantly large margin of safety even in disruptédnspiked” disposal form can be a factor approximately
configurations. However, the analyses will be extendedten less than the cost of a disposal form that is “spiked”
additional scenarios as part of the research and develafih radioactive waste. Furthermore, additional cost re-
ment program. ductions can be realized by adopting canisterless deep
borehole design concepts that eliminate the cost of
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emplacement canisters, simplify the sealing operations, ;- Spatial dilution to subcritical plutonium loadings as
crease the volumetric efficiency of emplacement, and the first line of defense against criticality, and with
thereby greatly reduce the number of boreholes. neutron absorbers incorporated as a supplementary
optional second line of defense against criticality.
1.1.2 Long-Term Performance Strategy
of the Design Concept 3. The great depth of disposal as the first barrier to pro-
liferation, dilution within a large volume of disposal
The long-term performance strategy of the present form as the second barrier, and the incorporation of
Coated Ceramic Pellets in Grout Immobilized Deep Bore- neutron absorbers as the third barrier to proliferation.
hole Disposal Facility design is as follows.
4. A canisterless option to enhance borehole sealing in
The site will be carefully selected to provide a tec- the emplacement zone and to eliminate the cost of
tonically, hydrologically, thermally, and geochemically  canisters and the uncertainty regarding the impact of
stable host rock formation without fluid circulation at depth  canister corrosion products on the borehole seals and
and having strong evidence that the fluid has remained the on permeability of corroded canister materials.
stagnant at depth for a geologically long time. A site satis-
fying this criterion is likely to have the following characl.2 Deep BoreHOLE DisposAL FAcCILITY
teristics: (1)[Seismic stability, (2)Ibw geothermal gradi- ASSUMPTIONS
ent, (3)[Migh salinity gradient, (4)0bw density of fracturing,
(5)ihe absence of nearby active fault zones, and (6)fh&.1 Deep Borehole Disposal Facility
presence of very old undisturbed connate water. Capacity/Capability

The coated ceramic pellet disposal form is chosen to The Deep Borehole Disposal Facility is assumed to
yield superior long term performance with respect to rhe generic in design and geographic location. The disposal
dionuclide migration to the biosphere, proliferation resi$arm is directly emplaced in the uncased bottom half of a
tance, and criticality safety. From a radionuclide migr& km deep borehole as ceramic coated plutonium-loaded
tion perspective, the ceramic pellet disposal form has vegramic pellets mixed with an appropriately formulated
high dissolution resistance, has a dissolution surface ageaut. The design depends upon the physical inaccessibil-
comparable to those expected from cracked monolitliig of the material at depth for security. The design as-
disposal forms, it is strong and fracture resistant, andsismes that 500 of plutonium will be disposed of at the
capable of easy emplacement and sealing in place. At 1 .f2&ility over a 10-yr period at a rate of 5[lyr. The surge
Pu loading, it is dilute in plutonium concentration and thuspacity (maximum possible processing rate of the facil-
provides a barrier against easy chemical separation iit§9 will be equal to double this rate. Although this is the
weapons-usable material. It contains neutron-absorbicigrrently assumed disposal campaign for sizing the Deep
chemicals in its intrinsic ceramic material and in the oorehole Disposal Facility, different feed rates and dis-
tional neutron poison additives that will be incorporategbsal periods can be easily accommodated by appropri-
during immobilization. Thus it is both proliferation resisately resizing the facility within the scope of the existing
tant and criticality safe. design concept. Such operational scenarios are presented

in theAlternative Technical Summary Report for Immobi-

Since metallic canisters and casings will not survivized Disposal of Plutonium in Coated Ceramic Pellets in
longer than a few hundred years, and the impact of coraout Wthout Canistes (Wijesinghe et@l.15 Anuary,
sion products on the borehole sealants is largely unknow896).
neither canisters nor emplacement zone borehole casings
are used in this design. 1.2.2 Deep Borehole Disposal Facility

Operating Basis
In summary, for superior long term performance, the
design relies on the following: The Surface Processing and Emplacing—Borehole
Sealing Process Facilities of the Deep Borehole Disposal
1. The (1)Matural system barrier, (2)he intrinsic dissé-acility will operate 5 days/week, 8 hr/day, 250 days/yr.
lution resistance of a high-performance immobilizedihe Drilling Facility will operate 7 days/week, 24 hr/day
disposal form, and (3){he durability of the long sed@h two 12-hr shifts with three drilling crews. The surge
in the isolation zone and the emplacement zone se@te will be handled by introducing a second 8-hr shift in
to ensure isolation of the emplaced radionuclides owe Surface Processing and Emplacing—Borehole Sealing
an indefinitely long performance period. Facilities and adding a second drilling rig and additional
crew, if needed, in the Drilling Facility.
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The Implementation Schedule for the Immobilized

Deep Borehole Disposition Alternative shown in Figure
1.2.2-1 shows the schedules for the Licensing & Permit-
ting, Research & Development, Design & Construction,
Operation, Closure (D&D), and Post-Closure Monitoring

activities. The estimated start date is September 1, 1996.

Further discussion of individual activities are presented in
the following subsections.

1.2.2.1 R&D Effort

A comprehensive five-year R&D effort has been

Page 1-11

of Pu and daughter products in the borehole and host
rock and along pathways towards the biosphere; Pu
release rate from the disposal form; Pu reconcentration
mechanisms and evaluation of long-term criticality
risk; borehole integrity; grout durability and perfor-
mance; ES&H, criticality, and proliferation risk as-
sessments; natural analog studies of naturally occur-
ring geologic reactors to support long-term
performance predictions; integrated systems level per-
formance; cost analyses for design optimization.

These research and development needs would be ad-

planned to support the facility design, site characterizéressed in a five-year plan, geared to the following:
tion and site selection, licensing, emplacement, and clo-
sure phases of the Deep Borehole Disposal option for the Acquiring the equired field datan the conditionsta
disposition of the immobilized plutonium. The areas re-
quiring research and development are as follows:

1.

Site characterization, including vertical and horizor2-
tal flow rates of brine; geochemical composition, pH,
and Eh of brines at depth; temperature and salinity
gradients; compositional, chemical, hydrological, ther-
mal, and mechanical properties of host rock at depth;
characterization of fracture distribution and proper-
ties; borehole logging, surface seismic and cross-bore-
hole acoustic/electrical tomographic imaging for defi-
nition of geologic structure and rock properties;

large subsurface depths through an experimental site
characterization program at a typical site.

Extending and specializing existing performance
analysis models or developing new moétalsoupled

fluid flow, reactive fissile material transport, disposal
form dissolution and fissile material release, downhole
short- and long-term criticality assessments,
geomechanical analyses, ES&H and proliferation risk
assessments, and cost analysis to the deep borehole
application.

cross-borehole pressure and tracer tests for hydrologic Acquiring unavailable dateequired by the above pre-

characterization; tectonic and seismic stability of the
geologic formation.

Field technologies, including drilling methods; bore4.
hole accuracy, deformation, and stability; sealing tech-
nologies for undercut emplacement zone seals, isola-
tion zone sealing and sealing fractures; mixing of the
Pu disposal form with grout; emplacement method-
ology for the pellet—grout mixture; surface and sub-
surface handling of Pu-loaded ceramic pellets; qual-
ity assurance for subsurface operations.

5.
Downhole materials performance, including disposal
form dissolution and leaching at deep borehole con-
ditions; solubility of Pu in brine at depth; transport
properties of Pu in host rock and the pathway to bi6-
sphere; durability, selection, and performance of
grouting/sealing materials; effects of radiolysis on
downhole materials; criticality related properties of
disposal forms, grouts, brines, and host rock.

dictive models through laboratory and field experi-
ments that simulate downhole conditions.

Developing the required engineering and operations
technologiesequired to safely and efficiently imple-
ment the site characterization, drilling, emplacing,
borehole sealing, and remote monitoring activities
associated with construction, operation, and post-
closure performance of a Deep Borehole Disposal
Facility.

Performing the long term performance, risk, and cost
assessmentsquired to support the facility design and
licensing activities.

Demonstrating the developed drilling, emplacement,
and sealing technologighrough a pilot large diam-
eter deep borehole field demonstration.

This R&D Program would begin at the start of the

deep borehole disposition program in September 1996 and
Post-closure phase performance assessments, inciuduld continue for five years until September 2001, as
ing mechanisms for initiation of fluid flow; transportshown in the Implementation Schedule in Figure 1.2.2-1.
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1.2.2.2 Permitting and Licensing Schedule The emplacement operations for this option could be
accelerated and completed in 3[yr if the Pu final form ma-
The establishment of a regulatory basis for the dirial could be all shipped to the borehole site within that
posal of excess special nuclear material is necessary pperiod. This will accelerate the overall program comple-
to obtaining permits and licenses for the deep borehtilen date to June 2016.
project. The regulatory basis may requires 40yr to synthe-
size the regulations, give public notice, and conduct dl12.3 Compliance
the public hearings that are part of the process. It is ex-
pected to begin at the start of the deep borehole dispdsi2.3.1 Rules, Regulations, Codes, and
tion program in September 1996 and to continue until Sep- Guidelines
tember 2000.
The regulations that cover the requirements that must
From the time that the regulations are established, the met for the disposal of Surplus Nuclear Materials in a
permitting and licensing schedule will require an additionBleep Borehole Disposal Facility address a wide variety
5[yr to certify the site. This includes the production of @f issues. These issues include transportation, operation
site specific Environmental Impact Statement (EIS), tlué the Surface Processing Facility, emplacement and seal-
holding of public hearings and certifying that the site wilhg of the boreholes, closure of the facility, post-closure
meet the design and performance criteria necessary to npegtormance, and possibly post-closure monitoring.
the regulations and satisfy the mitigations given in the EIS.
The Site Selection and Characterization in support of this EXxisting regulations that could apply to the develop-
activity will begin in September 1996 at the beginning ohent of regulations for a Deep Borehole Disposal Facility
the deep borehole disposition program and will culmina#éee summarized in Figure 1.2.3.1-1. The off-site transpor-
with DOE'’s filing of the deep borehole disposal facilityation of excess nuclear material will be covered by
license application in December 2005. This will be fold9 CFR 173.7 for U.S. Government material, with 49 CFR
lowed by the license review and approval process that #¥3, Subpart |, for radioactive materials. The packaging
cludes review by the Nuclear Regulatory Commissiomill be certified to be in conformance with 10 CFR 71.
(NRC), public hearings and decision making by the Atomihe transportation of the material will conform to the IAEA
Safety Licensing Board (ASLB) culminating in the NRGSafety Series No. 6 and to the additional requirements for
issuing a license to construct and operate the facility time shipment of plutonium given in 10 CFR 71. The Safe-
March 2010. guards and Security for offsite shipments must conform
to 10[CFR(73.26.
1.2.2.3 Construction, Operation, Closure,
and Post-Closure Schedules The on-site activities must conform to the procedure
rules given in 10 CFR 820. The nuclear safety manage-
The Implementation Schedule to deploy, operate, annt at the site will conform to the use in the proposed 10
decommission the borehole disposal facility is present€#R 830 regulation. The occupational radiation protec-
in Figure 1.2.2-1. As indicated in this schedule, concefen will conform to 10 CFR 835. The quality assurance
tual design of the deep borehole disposal facility beginsmbgram will be similar to 10 CFR 60 Subpart G, which
the start of the deep borehole disposition program in SeyH form the basis for the QA program for the facility.
tember 1996 and continues until April 2001. The concep-
tual design is required for the preparation of the EIS Qy2.3.2 Safeguards and Security
the DOE. Title | design begins at the same time as the
preparation of the site specific EIS. Title | & Il (prelimi-  Safeguards and security protection for the disposition
nary and detailed design) is estimated to require apprasi-excess special nuclear material are assumed to conform
mately 3.75yr to complete. This will allow constructiorio the applicable sections of DOE 5630 series orders or
to start in December 2004. The construction is estimatibeir appropriate future alternatives.
to require about 4[yr leading to start of operations of the
facility in September 2009. 1.2.3.3 Environmental, Safety, and Health
(ES&H)
After initial preparation and drilling, emplacement
operations are assumed to start in April 2010, continue for The various areas of ES&H that are of significant
10r, and be complete by April 2020. Decontaminatiazoncern for the deep borehole facility include the contami-
and decommissioning of the facility is estimated to requination of water by the processing of the excess plutonium
approximately 3yr resulting in an overall program complas well as exceeding the allowable concentration of
tion date of September 2022.
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Procedural
Rules For

Transportation
to Site

10CFR 71
10 CFR 73.26

[

Actlvities
10 CFR 820

Occupational Quality
Radiation Assurance
Protection

10 CFR 60,
10 CFR 835 Subpart G *

l

Above Ground
Operations

Design Criteria

*
10 CFR 60.131
10 CFR 60.132 *

l

Below Ground
Operations

Design Criteria

Siting
10 CFR 60.122
Drilling N/A
Emplacement N/A
Sealing
10 CFR 60.134

Technical Criteria

Air
10 CFR 20
Water
40 CFR 191, Subpart C
People
40 CFR 191.15
Criticality
10 CFR 60.131

Technical Criteria
(Retrieval)

Technical Criteria
(Closure)

Air
10 CFR 20
Water
40 CFR 191,Subpart C
People
40 CFR 191.15
Criticality
10 CFR 60.131

Water
40 CFR 191, Subpart C
People
40 CFR 191.15
Containment
40 CFR 191.13

Criticality N/A

*

Mission-Specific Regulations Need to be Developed in These Areas

Figure(1.2.3.1-1. Existing Regulations that May Apply to a DeepBoreholelDisposalFacility.
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plutonium in the air at the site. The national primary drinkaajor impact on safety will have different design criteria
ing water regulations and implementation given in 40 CRRan components having only a minor impact on safety.
141 and 40 CFR 142 shall be adhered to. The standartigs approach is used in the nuclear power industry where
for protection against radiation are given in 10 CFR 20 ftire section of the ASME code used in the design is depen-
the concentration of plutonium in air and water. In addilent on the function (and importance to safety) of the com-
tion, the processing of plutonium may produce wastes tipanent. The design of structures, systems, and components
will require disposal. The introduction of any hazardoumportant to safety shall conform to mission-specific regu-
wastes into the waste stream or the feed stream mustdbens to be established similar to 10[CFR[B0.131(b).
minimized. Hazardous wastes are listed in 40 CFR 261.31
through 40[CFR 261.33. Any other waste must be chardc2.3.7 Toxicological/Radiological Exposure
terized by tests described in 40 CFR 261.20 through
40 CFR 261.24 to determine if the waste is hazardous.  The toxicological/radiation exposure during construc-
tion will be controlled by the EPA and OSHA. The Safe
1.2.3.4 Buffer Zones Drinking Water Act and the Clean Air Act will regulate
the quality of water and air at the site during construction
For the purpose of preparing this document, no siterd operation.
specific data can be given because no specific site has been
selected. Instead, the data provided is for a generic ex- The technical criteria for the allowable radionuclide
ample site (see Section 3). A site map for the Deep Dasstivity in air and water are given in 10 CFR 20. The envi-
posal Facility, showing a buffer zone, is presented laterrmnmental standards for the ground water are given in
Figure 3.1.7-1. The overall site with a four-hole Borehol0 CFR 191, Subpart A. The long term individual protec-
Array at 500 m (1,640 ft) hole spacing occupies a latidn requirements are given in 40 CFR 191.15. NESHAP
area of 2,041 hectares (5,044 acres) of which 32 hectgs CFR Part 61, Section 112) dose exposure limits to a
(78 acres) is occupied by the Main Facility, 25 hectaresember of the general public are 10 mrem/yr from facil-
(62 acres) by the Borehole Array, and 1,873 hectares (4,@8operations. The average dose to the population from
acres) by the Buffer Zon&he site dimensions are as folnatural background sources is 300 mrem/yr.
lows: entire site 4,447 mid,590 m (14,590 %(15,060 ft),
Main Facility 229 m%]1,067 m (750 f§13,5001t), and The operation area shall be designed so that until per-
Borehole Array 500 mx(500 m (1,640 f&1,640 ft).This manent closure has been completed, radiation exposures,
drawing depicts a representative arrangement of facilitydiation levels, and releases of radioactive materials to
buildings and site support areas anticipated for the Daamestricted areas will at all times be maintained within
Borehole Disposal Facility for immobilized disposition. the limits specified in 10 CFR 20.

1.2.3.5 Decontamination and Surface facility ventilation and radiation control and
Decommissioning monitoring should be consistent with 10[CFR[B0.132 (b)
and (c).

At the time of closure, the facility will contain residu-
als of plutonium plus other waste produced during the prb-2.3.8 Waste Management
cessing of the plutonium at the site. The waste may con-
sist of TRU waste to be disposed of in the WIPP facility. Radioactive waste treatment facilities shall be de-
For concentration of plutonium less than 100 nCi per gragigned to process any radioactive wastes generated at the
the TRU waste may be eligible for land disposal licenséarility operations area into a form suitable to permit safe
to 10[CFR[B1. Radioactive waste management must cdisposal at the site or to permit safe transportation and
form to DOE Order 5820.2A. conversion to a form suitable for disposal at an alternative

site in accordance with applicable regulations.

1.2.3.6 Non-Safety/Safety Class

A graded approach may be used to identify compo-
nents that are important to safety. Components that have a
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2. DEEP BOREHOLE DISPOSAL FACILITY DESCRIPTION

2.1 GeENERAL FAciLITY DEeSCRIPTION Facility for receiving and storing the disposal form in
transportation shipping containers until they are required
2.1.1 Functional Description for emplacement; a drilling facility for drilling the bore-

hole and casing and sealing hydraulically conductive fea-
The Deep Borehole Direct Disposal Facility Optiotures in the host rock; an Emplacing—Borehole Sealing
supports the Fissile Materials Disposition Program by prbacility for preparing the coated ceramic pellet—grout mix
viding a permanent disposal option for excess weapadhyd emplacing it within the borehole, and sealing the bore-
plutonium through emplacement in deep boreholes. Thigle; and a Waste Management Facility for treating the
facility is a stand-alone plant that receives feed materigstes generated by the borehole disposal operations. In
as plutonium immobilized in a ceramic disposal form. Tragdition, there is a Support Facility consisting of the Ad-
feed ceramic disposal form will be delivered in transpoministration, Plant Operations, and Balance-of-Plant fa-
tation containers to the receiving and storage buildingcilities. The Balance-of-Plant facilities include Security,
the Main Facility. The transportation containers will b&afety, and Decontamination Systems, General Shipping
transported to the facility by truck or by rail with safeand Receiving, Central Warehouse, Maintenance, Elec-
guards and security appropriate to the transportationté¢al Power Plant, ES&H Center, Medical Center, Fire
plutonium in this disposal form. Station, Personnel Services, Water and Fuel Supply Sys-
tems, Process Steam and Gas Supply Systems, Training,
The functional elements of the envisaged Deep Boad Laundries for Contaminated and Uncontaminated
hole Facility are shown in Figure 2.1.1-1. The Deep Borelothing.
hole Disposal Facility consists of a Surface Processing

| Immobilized Deep Borehole Disposal Facility |

Borehole Array Area |

Ceramic Ceramic
- Peltet Pellet
(F;:Lac?scs;(;";‘ - Grout Mix Emplacing- - Grout Mix
crtng proces Wase Coreel
Y Management Facilitg
Facilities Y
1 : 3
Process Deep
Waste to * Borehole
Off-Site [ 4
Disposal
Process Wastes Y Plant Waste Plant Services
Ceramic Pellet >
Pu-Loaded Containers
Ceramic r
G Pellet Plant Plant Wast Plant Bal .
ontainers o Waste ant Waste Waste alance o
R::g;:gng Management Piant
Y Facility Facilities

! ) I f

Plant Services

Main Facility Area | 1

Non-Hazardous
Plant Waste to
QOff-Site Disposal

Figure 2.1.1-1. Deep Borehole Disposal Facility Flow Diagram.
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The ceramic disposal form transportation containendll only be a small amount of radioactive contamination
that are delivered at the Deep Borehole Disposal Facilftpm broken or damaged pellets. The plutonium loading
are inspected and stored in the Surface Processing Faeitel of the ceramic pellets, inspection and storage at the
ity. Except for inspection, no processing of fissile matedain Facility, and the emplacing operations at the Bore-
als is done at the Main Facility. Instead, all processifigle Array are designed to prevent criticality during these
operations are located in relocatable buildings at tbperations. The deep borehole design sizing parameters
Emplacing—Borehole Sealing Facility. However, becau$er the disposal of 50 t of plutonium in four deep bore-
the pellets are coated with a durable non-Pu-bearing beles are summarized in Table 2.1.1-1.
ramic material, under normal operation conditions, there

" Table2.1.1-1. Deep Borehole Disposal Facility Design Sizing Parameters.

Design Parameters Value Unit

Geometric Parameters

Borehole diam (2-3 km) 0.91 (36) m (in.)

Borehole diam (3—4 km) 0.66 (26) m (in.)

Emplacement zone height 2 km
Masses & Volumes

Density of ceramic disposal form 4,000 kg/m3

Volume fraction of ceramic pellets 0.60

Empl. zone volume/borehole 1,028 m3

Volume of grout/borehole 411 m3

Volume of ceramic/borehole 617 m3

Mass of ceramic/borehole 2,468 t

Isolat. zone grout vol/borehole 1,538 m3

Rock volume removed/borehole 3,339 m3

Borehole drilling criterion 15.00 %

Total Pu mass to be disposed 50.00 t
Bor ehole Emplacement Design

Pu linear loading 6.1 kg/m

Mass of Pu/borehole 12.34 t

# Boreholes (exact) 4.05

# Boreholes (rounded) 4

Actua Pu disposal capacity 49.36

Total ceramic mass (4 holes) 9,873 t

Total empl. zone seal grout (4 holes) 0.0 m3

Total isolation zone grout (4 holes) 6,154 m3

Total empl. pellet mix grout (4 holes) 1,645 m3

Total empl.+isolat. grout (4 holes) 7,798 m3

Total rock removed (4 holes) 13,357 m3

Pu loading of ceramic pellets (mass) 1.0 %

Effective Pu loading of pellets 0.5 %

Criticality coeff.(1:( Gd:Pu= 0.0 0.69

Criticality coeff.() Gd:Pu=0.1 0.53

Criticality coeff.() Gd:Pu= 1.0 0.37

(@ For ceramic pellet-grout—brine mixture in borehole, for added Gd moles
to Pu moles.

(2 Design condition (no addition/presence of gadolinium).
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The Borehole Array Area contains the deep boreholieilities in the southern part, and a Borehole Array area
in which the coated ceramic pellets will be mixed witkvith the Drilling and Emplacing—Borehole Sealing Facili-
grout and emplaced without canisters. The deep borehdles located in the northern part of the site. The surface
are drilled by a relocatable drilling facility that moves fromprocessing and waste treatment areas in the southeast quar-
one drill site to another as the boreholes are drilled in $er of the facility are located as far as possible from the
guence. The boreholes are typically 4 km in depth aadministration and personnel services areas located in the
decrease in diameter with depth in a stepwise fashion. Hoeithwest quarter. The railway and truck road connections
Drilling Facility drills the boreholes and seals permeablre from the southeast with ready access to the plutonium
zones, fractures, and near-field drilling-induced damaggceiving area of the Surface Processing Facility, the ware-
zones in the rock formations as they are encounteredhduses and the drilling materials laydown area; passenger
also installs several well casings of decreasing diametigffic access is from the southwest of the site. The roads
with depth and cements the spaces between the casingtena been routed to provide unrestricted access to truck
the borehole wall with cement grout. The lower 2 km dfaffic plying between the Surface Processing Facility, the
the boreholes, comprising the emplacement zone, will 8glling materials laydown area, and the Borehole Array
located in competent host rock and will not be cased. while avoiding the administration and personnel services

areas with passenger traffic.

A separate relocatable Emplacing—Borehole Sealing
Facility will emplace ceramic pellets as a concrete mix in  The Site Map in Figure 3.1.7-1 also shows security
the boreholes in the sequence in which the boreholes loeindaries: the Protected Areas (PA), the Limited Areas
drilled. The duration of emplacement operations will d€LA), and the Property Protection Areas (PPA) of the Deep
pend on the schedule of delivery of disposal form fe@&@brehole Disposal Facility. The Surface Processing Fa-
material to deep borehole facility. An accelerated delieility in which plutonium is received and stored and the
ery schedule may require additional Drilling and&mplacing—Borehole Sealing Facility to which the ceramic

Emplacing—Borehole Sealing Facilities. pellets are brought from the Surface Processing Facility

are within separate Protected Areas (PA). Each PA is se-

2.1.2 Deep Borehole Disposal Facility cured with a double fence and intruder detection systems.
Plot[Plan The PA and operations involving classified materials are

contained within the Limited Area (LA). The (PPA)
Figure 2.1.2-1 shows a general plot plan for the Debpunded by the Site Perimeter Fence surrounds the LA
Borehole Disposal Facility. Detailed descriptions of indand includes a 1.6-km-wide (1-mile) buffer zone surround-
vidual buildings are provided in Section 2.1.3. The sizig the facility. The passenger vehicle parking and pas-
number, and arrangement of facility buildings is concepenger services (e.g., cafeteria, training) facilities are
tual, and the plot plan conveys general layout informatidomcated outside the LA but within the PPA. Access to the
only. site is controlled at the guardhouses located at both the
Site Perimeter Fence and at the Security Fence surround-
The Site Plan of the Deep Borehole Disposal Facilityg the LA and PA areas of the Main Facility. Passenger
given in Figure 2.1.2-2 shows in detail the layout of theaffic to the Main Facility is controlled at the east gates
facility in both the Main Facility and Borehole Array Ar-while rail and truck traffic are controlled at the west gates.
eas. It also shows the access routes for off-site transpofteeess to the Borehole Array, which is located entirely
tion and the two on-site transportation routes for truckathin the LA, is only permitted to traffic arriving from
bearing plutonium. Figure 3.1.7-1 shows the Securitige Main Facility area. Access to the Surface Processing
Boundaries and Buffer Zone Surrounding the Facility. Racility and the Emplacing—Borehole Sealing Facility is
also shows the 4 boreholes required by this design anddbatrolled at guardhouses located at the Protected Area
spacing between the boreholes in the array. (PA) perimeter fences surrounding these two facilities.

For the purpose of preparing this document no site- A Ventilation Exhaust Stack discharges ventilation
specific data can be given for an actual site becauseaiofrom the Receiving and Processing Building compris-
specific site has been selected. Instead, the data provibtegthe Surface Processing Facility and from the Process
is for a generic example site. The generic site descriptidfaste Treatment System in the Waste Treatment Build-
is given in Section 3, together with a generic site area mag. Other sources of airborne emissions at the site are the
(Figure 3.1.1-1), a hydrogeologic cross section of the suwiler Stack at the Support Utilities Building and the
surface at the site (Figure 3.1.5-1), and a generic site pMAC exhaust outlets from the non—process support build-
(Figure 3.1.7-1). The general features of the facility sitegs. All non-process liquid effluents from the site are
are a Main Facility comprising a Surface Processiriggated in the Sanitary and Utility Waste Treatment Sys-
Facility, administration buildings, and other suppoittems in the Waste Treatment Building.
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Under normal operating conditions, there will be n@.1.3 Building Descriptions
significant atmospheric emissions from the Deep Bore-
hole Disposal Facility. However, for safety, two radiation The Deep Borehole Disposal Facility will be designed
and air-quality monitoring towers will be installed at th&vith site-specific design criteria to comply with DOE or-
site. In addition, the groundwater will be periodicallylers and applicable NRC regulations covering the design,
sampled, in both on-site and distant off-site monitorirgpnstruction, and safety of non-nuclear reactor plutonium
wells, and analyzed for radioactivity emanating from tHacilities. The facility will incorporate the safety, secu-
surface facilities and from the disposal form emplaced fity, and environmental protection considerations as re-
the deep boreholes. Certain of these wells may contirqueired by DOE orders and applicable NRC and EPA
to be monitored for a few years beyond closure to verifggulations Facility data is presented in Table 2.1.3-1, and
satisfactory performance in the initial part of the posthe buildings are described in the following subsections.
closure performance period.

Table 2.1.3-1. Deep Borehole Disposal Facility Data.

Building Footprint Number Special SNM Construction
Building Name Code (m? of Levels Materials Type
Main Area Facilities

Administration M-1 1,394 1 None Light Steel
Personnel Services M-2 1,394 1 None Light Steel
Medical Center M-3 929 1 None Light Steel
ES&H M-4 929 1 None Light Steel
Security Center M-5 1,858 1 None Light Steel
Security & Fire Training M-6 929 1 None Open Area
Area
Fire Station M-7 929 1 None Light Steel
Warehouse and M-8 2,323 1 None Light Steel
Maintenance Frame
Receiving and M-9 5,295 2 SNM Concrete
Processing
Plant Utilities M-10 929 1 None Masonry
Process Waste M-11 1,742 1 SNM, Concrete
M anagement SNM Wastes
Drilling and Emplacing M-12 929 1 None Light Steel
Operations Center Frame
Electrical Substation M-13 650 1 None Concrete Pad
Plant Waste M-14 650 1 None Light Steel
Management Frame
Employee Parking M-A 2,323 1 None Asphalt
Laydown Area & M-B 5574 1 None Open Area
Storage Y ard
Truck Parking M-C 929 None Asphalt
Truck & Rail M-D 28 1 None Masonry
Security Portals
Passenger Vehicle M-E 47 1 None Masonry
Portal
Cooling Tower M-F 743 None Steel
Gas Stack M-G 37 None Steel
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Table 2.1.3-1. Deep Borehole Disposal Facility Data (Continued).

Building Footprint Number Special SNM Construction
Building Name Code (m?) of Levels Materials Type
Drilling Facilities 46,450
Drill Rig D-1 1,858 1 None Steel Frame
Drilling Shift D-2 1,858 1 None Trailer
Office Trailers
Cement Trucks D-3 139 1 None Vehicles
Cement & Water D-4 465 1 None Steel Tanks
Storage Tanks
Compressor Station D-5 47 1 None Concrete Pad
Potable Water Tank D-6 47 1 None Stainless Stedl
Drilling Fluid Tanks D-7 465 1 None Steel
Treated Water Storage D-8 3,716 1 None Steel, concrete
Generator Truck D-9 70 1 None Vehicle
Drilling & Emplacing D-A 929 1 None Concrete
Storage Y ard
Drilling Wastewater D-B 186 1 None Steel Frame
Treatment
Drilling Mud Pits D-C 7,432 1 None Earth
Mud & Water Pumps D-D 47 1 None Concrete Pads
Pipe Storage D-E 186 1 None Packed Earth
Emplacing Facilities 46,450
Emplacing Crane E-1 1,858 1 None Steel Frame
Radiation Monitoring E-4 93 1 None Light Steel
Frame
Containment Structure E-5 279 1 SNM Waste Heavy Steel
Enclosure
Emplacing Sub-Base E-6 186 1 SNM Waste Steel Frame
Emplacing Shift E-7 1,858 1 None Trailer
Office Trailers
Storage Tanks E-8 186 1 SNM Waste Steel
Compressor Station E-9 47 1 SNM Waste Concrete Pad
Generator Truck E-10 70 1 SNM Waste Earth
Cement Trucks E-11 139 1 SNM Waste Earth
Potable Water Tank E-12 47 1 SNM Waste Steel
Pipe Handling Crane E-13 139 1 SNM Waste Packed Earth
Process Water Storage E-14 93 1 SNM Waste Steel Tank
Waste Monitoring E-15 47 1 SNM Waste | Light Steel Frame
& Testing Station
Entrance Security E-16 9.3 1 None Masonry
Portal
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2.1.3.1 Receiving and Processing plan of the Process Waste Management Facility is given
in Figure 2.1.3.2-1.

A Surface Processing Facility for receiving the coated
ceramic pellet disposal form from an off-site immobiliza2.1.3.3 Administration
tion facility, inspecting and accounting for received mate-
rial, and storing the received Pu-loaded pellets is provided The Administration building houses administrative
in the Main Facility Area. The plot plan of this Receivingnd engineering offices, a central records storage area,
Sub-Facility is given in Figure 2.1.3.1-1. In addition toneeting and conference rooms, and Human Resources
this receiving sub-facility, a processing facility is requiredffices. It also houses accounting and computer facilities
to mix the ceramic pellets with the grout in the Emplacingssed for administrative/payroll operations and records stor-
Borehole Sealing Facility Area. The plot plan of this Cexge, a control mail facility, a public information display,
ramic Pellet—-Grout Mix Preparation Emplacin@nd miscellaneous storage and service areas.
Sub-Facility that is located in the Borehole Array Area is
given in Figure 2.1.3.1-2. 2.1.3.4 Personnel Services

2.1.3.2 Waste Management The personnel services building is a single-story struc-

ture that houses a cafeteria and a multipurpose training
A Process Waste Management Facility is providddcility.

for treating the Process Radwastes and Process Wastewa-

ter in the Borehole Array Area. These wastes are gener- The major functional areas of the cafeteria are the din-

ated by the borehole disposal operations. In additioning room, scramble-type serving area, dish washing area,

Plant Waste Management Facility is provided in the Mafood receiving, storage, staging, preparation area, and a

Facility Area to handle Utility and Sanitary Wastes. A plot/aste handling area. The cafeteria is operated by a private
commercial vendor and is capable of 24-hr operation.

L 45.7m =
-¢ (150 ft) o
Security “
Office E
Personnel ) Mechanical/ mergency
c Air Repair Electrical Area Diesel
hange Rooms Lock Shops Generator
Health
Physics
Equipment i . .
SST Cleaning Bay Shipping Package Decon Ceraml.c potet On-Site Canister
pping g Canister Transporter
Loading/Unloading Bay Area Loading Bay Cleaning Bay
45.7m
Ceramic Pellet Access (150)
Canister Corridor
Unpackaging Ceramic Pellet
Canister
Storage
Pellet Canister
Inpsection and
SNM Measurements
X
Note: Building HVAC equipment room on 2nd level [45.7 m x 45.7 m (150 ft x 150 ft)]

Figure 2.1.3.1-1. Surface Processing Facility Receiving Sub-Facility Plot Plan.
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Figure 2.1.3.1-2. Emplacing—Borehole Sealing Facility—Pellet[GroutMixingBub-FacilityPlot Plan.

The major functional area of the training facility in2.1.3.6 Drilling and Emplacing—Borehole
cludes several multi-use training rooms and equipment Sealing Operations Center
storage rooms. Additional training areas are available in
the dining areas of the cafeteria during off hours. The Dirilling and Emplacing—Borehole Sealing Op-
erations Center located in the northeast corner of the main
2.1.3.5 Central Warehouse facility area provides a consolidated area for control of
the Drilling and Emplacing—Borehole Sealing activities
The Central Warehouse is a metal building attachefl the facility. This center contains electronic data sys-
to Central Shipping and Receiving. The Central Warehousens that support monitoring and control of the Drilling
is provided for storage of equipment, parts, and other plamd Emplacing—Borehole Sealing systems and support
supplies required for routine use. facilities that are considered vital to the safety and secu-
rity of these facilities. The center is manned by the Drill-
A HEPA filter testing area will be included to pro-ing Shift Superintendent and the Emplacing—Borehole
vide for storage and testing of HEPA filters and storage $éaling Shift Superintendent. Their responsibilities include
respirator cartridges. management of all emergency situations and overall man-
agement and coordination of activities in their respective
The Deep Borehole Disposal Facility will be designef@cility areas of the borehole array.
with site-specific design criteria to comply with DOE or-
ders and applicable NRC regulations covering the desigh1.3.7 Plant Utilities
construction, and safety of non-nuclear reactor plutonium
facilities. The facility will incorporate the safety, securityElectrical Power
and environmental protection considerations as required
by DOE orders and applicable NRC and EPA regulations. The electrical load for the total facility is approxi-
Facility data is presented in Table 2.1.3-1, and the buildtately 5 MVA and is supplied from an electrical utility
ings are described in the following subsections. via a high-voltage transmission line. This line terminates
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Figure 2.1.3.2-1. Process Waste Management Facility Plot Plan.

in an electrical power switchyard, located in the northeast selected with appropriate interruption rating compat-
corner of the main facility area, where the voltage is trarible with the fault current available from the transmission
formed to facility distribution levels. Power is provided teystem. Power is distributed to the Main and Borehole
the borehole array area by low voltage overhead lines.Array Area by underground cables.

High-voltage buses within the Electrical Substatiokmergency Power
are installed overhead on steel or concrete structures. Surge
voltage protection equipment, potential transformers, cur- Emergency power is provided by diesel generators
rent transformers, and equipment for relaying and metéseated in the facility utility area. Emergency power will
ing are installed on thhigh-voltage bus, the circuit be provided for the safety class loads.
breakers, and the transformers. The switchyard breakers
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2.1.3.8 Security Center 2.1.3.14 Radiation Decontamination and
Monitoring
The Security Center serves as the security adminis-
trative headquarters and contains a pistol firing range, ar- Separate Radiation Monitoring systems will be pro-
mory, lockers, change rooms, training and meeting roomgjed in the Emplacing—Borehole Sealing Facility and
offices, and a storage room for supplies. Main Facility Areas.

2.1.3.9 Environmental, Safety, and Health 2.1.3.15 Drilling Shift Office Trailers

Environmental, Safety, and Health is a fully equipped Office and rest areas will be provided at the Drilling
laboratory that is provided to perform analyses for utiland Emplacing—Borehole Sealing Facilities for employee
ties monitoring and control, environmental emissions agednvenience.
effluents monitoring, waste characterization, and health
physics and industrial hygiene monitoring. Tests performed 2 DESIGN SAFETY
include radiochemistry (alpha, beta, and gamma radiation)
and chemical analyses as needed. External dosimetry lab®2.1 Earthquake
ratories, radiation instrument laboratories, and a source
calibration area are included. The building also includes All plant structures, systems, and components (SSCs)
offices and office support areas and common-use spaaésbe designed for earthquake generated ground accel-

such as lunch/break room and change/restrooms. erations in accordance witresign and Evaluation Guide-
_ lines for DOE Facilities Subjected to Natural Phenomena
2.1.3.10 Medical Center Hazards,UCRL-15910 (DOE-STD-1020-92).

The Medical Center provides limited medical and Under this guidance, the applicable seismic hazard
wellness care services, and is particularly needed becagseeedance probability o203 for General Use (Per-
of the likelihood of the Deep Borehole Disposal Facilitformance Category 1), 4103 for Low and Moderate
being located in a remote area. Seriously injured or cdfazard (Performance Category 2 & 3), are 2034 for
taminated employees are externally decontaminated a#figh Hazard (Performance Category(4) SSCs will be used.
are evacuated to a local emergency facility. This facility
provides space for various medical services, such as first Seismic design considerations for Performance Cat-
aid, dispensary, physical examinations, xfay and EK&gory 3 and 4 SSCs will include provisions for such SSCs
and laboratory space for various testing services and physifunction as hazardous materials confinement barriers,
call/industrial therapy. Office space for medical staff arahd also for adequate anchorage of building contents to
records is included. Additional toilet facilities are providedrevent their loss of critical function during an earthquake.

for the employee drug testing program. In essence, design considerations avoid premature unex-
pected loss of function and attempt to maintain ductile
2.1.3.11 Fire Station behavior in structures during earthquakes.

The Fire Station is provided to house the fire depart- Characteristics of the lateral force design are as im-
ment fire engines, ambulances, and other emergency pertant as the magnitude of the earthquake load used for

hicles and emergency personnel. design. These characteristics include redundancy, ductil-
ity, the combining of elements to behave as a single unit,
2.1.3.12 Emplacing Shift Office Trailers adequate equipment anchorage, allowance for the impact

of nonuniformity and asymmetry in structures and equip-
Offices and other facilities will be available for manment, detailing of connections and reinforced concrete el-
agement and employees at the emplacing location. ements, and the use of specified materials in their
construction.
2.1.3.13 Emplacing Waste Management
Facility In addition to structural safety, proper operation of
emergency systems during and after an earthquake is
Wastes produced during the emplacement process wikential. The fire protection system, emergency power,
be processed at the emplacement facility waste managater supplies, and the controls for the safety class equip-
ment building or transported to the main waste manageent are examples of plant systems that must be available
ment building. following an earthquake. As stated in Chapter4 of
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UCRL-15910 (DOE-STD-1020-92) under Survival ofL® 10-°for High Hazard (Performance Category) facil-
Emergency Systems, “earthquake-resistant design condtiglas defined in Chapter6 of UCRL-15910. For moder-
erations extend beyond the dynamic response of structuatess and high-hazard facilities located below the design
and equipment to include survival of systems that prevéasis flood (DBFL) elevation, the design must be devel-
facility damage or destruction due to fires or explosionsoped so that continued facility operation is provided.

2.2.2 Wind The CFE will be determined by obtaining the appro-
priate DBFL. The DBFL is the peak hazard level (flow
All new plant structures, systems, and componentie, depth of water, etc.) corresponding to the mean “An-
(SSCs) will be designed for wind or tornado load criteriaual Hazard Probability of Exceedance” or combinations
in accordance with UCRL-15910 and the corresponding flood hazards (river flooding, wind—wave action, etc.)
facility usage and performance goals. Wind loads will d corresponding loads associated with peak hazard level
based on the annual probability of exceedancexof@2 and applicable load combinations (hydrostatic and/or hy-
for General and Low Hazard (Performance Category 1d&odynamic forces, debris loads, etc.).
2), 1% 1073 for the Moderate Hazard (Performance Cat-
egory 3), and X104 for the High Hazard (Performance  Site drainage must comply with the regulations of the
Category 4) SSCs. The sites for which tornadoes are tfwerning local agency. The minimum design level for
viable wind hazards will be designed for the annual prothe Storm Water Management System is the 25-yr, 6-hr
ability of exceedance of 20~ as defined in Table 5-3 storm, but potential effects of larger storms up to the 100-
of Design and Evaluation Guidelines for DOE Facilitieyr, 6-hr storm will also be considered. However, Storm
Subjected to Natural Phenomena Hazatd€RL-15910 Water Management Systems must prevent the CFE from
(DOE-STD-1020-92). being exceeded. Accordingly, for some facilities, Storm
Water Management Systems may have to be designed for
Wind design criteria will be based on annual probimore extreme storms.
ability of exceedance, importance factor, missile criteria,
and atmospheric pressure change as applicable to eachWhenever possible, all facilities in performance cat-
performance (usage) category as specified in Table 5-2gbries above the General Use Category (Performance Cat-
UCRL-15910. egory (1) will be constructed with the lowest floor of the
structure, including subsurface floors, above the level of
As stated in UCRL-15910, characteristic safety cothe 500-yr flood. This requirement can be met by siting
siderations will be reflected in the design of the systemamd/or flood protection. Whenever possible, all facilities,
that, “the main wind-force resisting system must be abilecluding their basements in all performance categories,
to resist the wind loads without collapse or excessive deHl be sited above the 100-yr flood plain (DOE 6430.1A,
formation. The system must have sufficient ductility t8ection0111-2.5).
permit relatively large deformations without sudden or
catastrophic collapse. Ductility implies an ability of th&.2.4 Fire Protection
system to redistribute loads to other components of the

system when some part is overloaded.” The fire protection systems of the plant and its asso-
ciated support buildings will be in accordance with DOE

2.2.3 Floods orders and National Fire Protection Association Codes and
Standards.

All facilities and buildings should preferably be lo-
cated above the critical flood elevation (CFE) from the Redundant firewater supplies and pumping capabili-
potential flood source (river, dam, levee, precipitation, etti¢s (electric motor drivers with diesel backup) will be in-
or the site/facility will be hardened to mitigate the effectstalled to supply the automatic and manual fire protection
of the flood source such that performance goals are satigstems located throughout the site. One supply tank and
fied. Emergency operation plans will be developed to safalge set of pumps will be designated to meet Design Basis
evacuate employees and secure areas with hazardous, Basthquake requirements. Appropriate types of fire pro-
sion-dependent, or valuable materials. The extent of tieetion systems will be installed to provide life safety, pre-
flood hazard will be determined using the appropriate ugent large-loss fires, prevent production delay, ensure that
age (performance) category for determining the “Annufife does not cause an unacceptable on-site or off-site re-
Hazard Probability of Exceedance,” which is 203 for  lease of hazardous material that will threaten the public
General Use (Performance Category (1y,BIT* for Im- health and safety or the environment and to minimize the
portant or Low Hazard (Performance CategorylZ}, potential for the occurrence of a fire and related perils.
10-4for Moderate Hazard (Performance Category[3), and
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Specific production areas and/or equipment will baple, that is, “process designs shall incorporate sufficient
provided with the appropriate fire detection and suppresafety factors so that at least two unlikely, independent,
sion features as required with respect to the unique hazand concurrent changes in process conditions must occur
characteristics of the product or process. A fire hazardsfore a criticality accident is possible” from DOE
analysis will be performed to assess the risk from fig130.1A. Basic control methods for the prevention of
within individual fire areas of the facility. nuclear criticality include the following:

All sprinkler water that has been discharged in tHe Provision of safe geometry (preferred).
Surface Processing Facility and the Emplacing—Borehole
Sealing Facility will be contained, monitored, sample®, Engineered density and/or mass limitation.
and (if required) retained until it can be disposed of safely.
3. Provision of fixed neutron absorbers.
2.2.5 Safety Class Instrumentation and
Control 4. Provision of soluble neutron absorbers.

The safety classification of instrumentation and coB- Use of administrative controls.
trols will be derived from the safety functions performed.
This safety classification is based on DOE 6430.1A and Although geometric controls are used extensively
DOE 5481.1B. wherever practical, there are cases where geometric

control alone cannot practically provide assurance of criti-

Safety class instrumentation will be designed to mordality safety. In these cases, engineered controls can be
tor identified safety related variables in safety class syssed to control neutron moderation, neutron absorbing poi-
tems and equipment over expected ranges for normahs, as well as the mass, concentration/density of the
operation, accident conditions, and safe shutdown. Safetgterials.
class controls will be provided, when required, to control
these variables. 2.2.6.2 Criticality Regulations for Surface

Processing

Suitable redundancy and diversity will be used when
designing safety class instrumentation to ensure that safety Technical criteria for criticality safety in Surface Pro-
functions can be completed, when required, and thatessing Facility Operations will be mission-specific but
single-point failure will not cause loss of protective funanay be based on HLW requirements given in 10 CFR
tions. Redundant safety class signals must also be phg€i-131 (b)(7): “All systems for processing, transporting,
cally protected or separated to prevent a common evlahdling, storage, retrieval, emplacement, and isolation
from causing a complete failure of the redundant signatd. radioactive waste shall be designed to ensure that a
IEEE 379 and IEEE 384 provide the design bases for reiclear criticality accident is not possible unless two un-
dundancy and separation criteria. Safety class instrumékely, independent, and concurrent or sequential changes
tation will be designed to fail in a safe mode following have occurred in the conditions essential to nuclear criti-
component or channel failure. Safety class UPS power vadllity safety. Each system shall be designed for criticality

be provided when appropriate. safety under normal and accident conditions. The calcu-
lated effective multiplication factoKgsg) must be suffi-
2.2.6 Nuclear Criticality ciently below unity to show at least a 5% margin, after
allowance for the bias in the method of calculation and
2.2.6.1 Criticality Safety of Surface the uncertainty in the experiments used to validate the
Operations method of calculation.” That is, the criticality safety re-

guirement specified in this document is that the effective

The design of the Deep Borehole Facility will includeriticality coefficient be maintained at a value less than 0.95.
the basic controls for assuring nuclear criticality safety in
the Surface Processing Facility and the Emplacin@-2.6.3 Post-Emplacement Downhole
Borehole Sealing Facility, during on-site transportation of Criticality Safety
plutonium feed materials between the site perimeter and
the Surface Processing Facility, and during transportation In the context of the present deep borehole disposal
of processed disposal form from the Surface Processfagility design, downhole criticality safety events that are
Facility to the Emplacing—Borehole Sealing Facility. Thef concern can be classified into three broad categories as
process designs will satisfy the double contingency prifollows:
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Category 1.Criticality in Undisrupted Emplacement Condinflux from the surrounding geosphere have failed, must
figuration be considered. Furthermore, it is necessary to consider
scenarios in which the geometric configuration at emplace-
Category 1.1.Criticality in undisturbed initial em- ment is completely disrupted, the plutonium in the dis-
placement configuration posal form is redistributed either by physical rearrangement
or by leaching out by brine, and brine bearing plutonium
Category 1.2.Criticality in emplacement configura- dissolved at another location in the borehole invades and
tion disturbed only by material property alterations displaces plutonium without brine from the pore space.

Category 2.Criticality in Disrupted Emplacement Con-  However, the long-term risk of criticality due to plu-
figurations tonium accumulation, either within the borehole or within
an undetected closely spaced set of fractures in the sur-
Category 2.1.Criticality in emplacement accidentrounding host rock, must be evaluated. Such a criticality
configurations may occur due telow but continuouteaching of pluto-
nium from the disposal form by recirculating brine, trans-
Category 2.2.Criticality in disrupted configurations port into other regions, and reconcentration at one location
due to natural phenomena through continuous precipitation or sorption under differ-
ent conditions of temperature and brine chemistry. The
Category 3. Criticality due to Geochemical Recon-existence of sufficiently large brine flow velocities, origi-
centration nating from thermohaline convective instability of brine
in fractures or other mechanisms, would be necessary for
Category 3.1.Criticality due to geochemical such reconcentration scenarios to be of concern. However,
reconcentration in borehole preliminary estimates show that even moderate salinity
gradients have a strongly stabilizing effect and prevent the
Category 3.2.Criticality due to geochemical initiation of brine circulation.
reconcentration in geosphere
Analyses of Category 1 Criticality Events
In this uncanistered design concept, downhole criti-
cality is controlled and prevented by adjusting the pluto- The preliminary criticality analyses that have been
nium loading and the concentrations of neutron absorbipgrformed show that the immobilized ceramic pellets-in-
additives in the disposal form for criticality safety undegrout emplacement design presented in this report is very
the design assumption that the pellets are close-packembhtist and safe under Category(l criticality event scenarios.
the maximum volume fraction that can be achieved. The
criticality analyses used for designing the emplacemd@omputational Procedure
configuration must account for not only the presence of
the fissile material, but also the moderation, reflection, and The criticality calculations were performed using Ver-
absorption nuclear properties of the different materialsipn 4a of theMonte Cafto Neuton and PhotorTrans-
and the properties of some portion of the host rock itsghort (MCNP)code developed by the Los Alamos National
In particular, it is necessary to consider the moderatihgboratory (LANL). The high-density, pointwise continu-
effects of hydrogen in the bound water in the grouts ands-energy cross sections from the LANL ENDEF-V neu-
the brine invading the interstitial pore space of all matetion cross section library were used for the nuclear
als within the borehole. properties of the materials. This cross section library is
the most recent and appropriate for calculating the criti-
In addition to the above analyses, which are requiredlity coefficientK « for “slow” near-critical configura-
to establish criticality safety at the time of initial emplacdions. The calculations were performed for a uniformly
ment, additional short-term, intermediate-term, and longmplaced 1 m section of a 0.91-m-diam (36-in.) borehole,
term scenarios will have to be considered to evaluassuming that the borehole extends to infinity in both di-
criticality safety under normal operating and natural eventections parallel to its axis. Perfect reflection boundary
induced accident conditions. Long-term criticality evalusonditions were used at the top and bottom boundaries to
ations are necessary because B#¥u and its alpha-decay mimic the infinitely long borehole. Neutron transport into
product23®U are fissile and very long lived (half-livesthe granite host rock was modeled to a depth of 1 m in the
24,4000yr and 7.X¥CLCB yr, respectively). In particular, radial direction with a perfectly absorbing boundary con-
short-term scenarios in which the emplacement configiition imposed at the outer surface. Although neutrons
ration remains unaltered, but the flow barriers to briregriving at this boundary leave the computational domain
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and do not return to it, the calculations show that the netgd existence of high salinity levels should not be depended
tron flux moving past this boundary is reduced to negkn to ensure criticality safety. The composition of the brine
gible levels because of moderation and thermalizationusfed here was obtained from measurements made at a depth
the neutrons by the 1 m of granite. of 1,2000h in the deep borehole drilled at the Kola Penin-
sula in Russia.

The elemental compositions of the ceramic, granite,
grout, and brine used in the criticality calculations are given The ceramic pellets are ceramic-coated 2.54-cm-diam
in Table 2.2.6.3-1. Natural abundance isotopic ratios dfein.) spheres. The maximum packing volume fraction
used for each element except the fissile materials. Tiee spherical pellets is 64%. The 60% volume fraction as-
emplaced plutonium was assumed to?B®u without sumed here is lower than the maximum packing volume
admixtures of38u and4%Pu, although an isotopic com-fraction by 4% to allow for packing inefficiencies during
position of 93%23%u, 6%240Pu, and 1% trace isotopesemplacement. To reduce the cost of immobilization of plu-
was assumed for the ceramic pellet feed to the Deep Bdasium in ceramic pellets, only half of the 60% volume
hole Disposal Facility. The presence of #8Pu at this fraction of ceramic pellets is Pu loaded, while the remain-
level could somewhat alter the results. Also, the criticaligler is inexpensive uncoated commercial-grade ceramic of
analyses presented here do not consider the effects of phe- same composition. Therefore, the effective Pu-
duction of fissile daughters 8#%Pu, and in particular do loading mass fraction of the total 60% ceramic volume
not include the3%U produced by alpha decay. fraction is equal to half that of the Pu-loaded ceramic pel-

lets. The modeling methodology assumes uniform mix-

Brine salinities as high as 500[grams of total dissolvédre of the Pu-loaded and non-Pu-loaded pellets within a
solids per liter, and averaging 300(d/L, have been reporgghtinuum approximation scale much larger than the in-
at depths of Km in crystalline rock formations with dividual pellets and does not account for pellet-to-pellet
undisturbed connate water. Because the chlorine in waFiations.
brine absorbs neutrons significantly, the salinity of the brine
was assumed to be a conservative 50(@/L. This assump- The ceramic coating material is assumed to have the
tion was made to avoid taking excessive credit for neutrs@me composition as the ceramic in the interior of the pel-
absorption by chlorine, which has a large neutron captleé The ceramic is assumed to be a titanate-based Synroc
cross section, and other constituents because the cortgfamic with 95% zirconolite (CaZrJd,), 2.5% ALO,,

Table 2.2.6.3-1. Chemical Compositions of Materials Used in Criticality Analyses.

Chemical
Element() Ceramic Granite Grout Bentonite Brine
Density g/cm3 4.00 2.80 2.08 1.70 1.05
Porosity % 0.0 0.0 20.0 37.0
S 0.32805 0.28471 0.32000
(@] 0.33180 0.48604 0.53732 0.49000 0.84590
Ti 0.28225 0.00234
Al 0.00413 0.07658 0.04338
Fe 0.02482 0.01085
Mn 0.00093
Mg 0.00531 0.02000
Ca 0.11655 0.01422 0.07616 0.00200 0.01124
Na 0.02582 0.01598 0.03000 0.00603
K 0.03412 0.01717 0.00400
H 0.00094 0.01618 0.10658
P 0.00083 0.00100
Cl 0.00305 0.03025
Zr 0.26527

(D) Weight fraction of component chemical elements.
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and 2.5% TiQ by mass and to be 4.0[g/8nm density. pellets, 30% by volume non-Pu-loaded ceramic pellets,
Because of the relatively large neutron capture cross saied 40% by volume grout. The Pu loading of the Pu-loaded
tion of Ti and the large mass fraction of Ti in the ceramiceramic pellets was varied over the range of 0.5, 1.0, 1.5,
the ceramic pellet material itself serves as an effecti2eéd, 10.0, and 20.0% by mass corresponding to Pu load-
neutron poison. The grout in the ceramic pellet—grout miixgs of 0.25, 0.5, 0.75, 1.0, 5.0, and 10.0% by mass for the
is assumed to consist 80% by volume of NBS ordinacpmbined mass of Pu-loaded and in non-Pu-loaded ceramic
cement and 20% by volume of brine of the same compasellets. For each of these Pu loadings, gadolinium neutron
tion as that in the host rock (given above). The compoabsorber concentrations of 0.0, 0.1, and 1.0 gadolinium
tion of the NBS Ordinary Cement was obtained frommoles per plutonium mole were considered. The critical-
Criticality Calculation with MCNPR A Primer.The grout ity coefficient for pellet—grout—brine and pellet—brine
composition given in Table[2.2.6.3-1 includes the 20% logixes are shown in Figures 2.2.6.3-1 and 2.2.6.3-2, re-

volume of brine. spectively, for these three cases of Pu loading. The Pu load-
ing per unit length along the borehole is also shown to
Category 1.1 Criticality Analyses provide a basis for comparing the Pu loading between

Immobilized and Direct Disposal deep borehole alterna-
Criticality events belonging to Category 1.1 relate tive designs. These results show that:
conditions at initial emplacement without any alteration
of the emplaced materials. Criticality calculations were The average Pu loading of 0.5% average Pu loading
performed for this case for an emplaced ceramic pellet— by mass in present design is heavily subcriti€g); &
grout mix consisting of 30% by volume Pu-loaded ceramic 0.69) even without addition of any gadolinium as a
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Figure 2.2.6.3-1. Criticality Analysis for Ceramic Pellet-Grout—Brine Mixture in the Borehole.
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Figure 2.2.6.3-2. Criticality Analysis for Ceramic Pellet—Brine Mixture in the Borehole.

neutron poison. The addition of 0.1 and 1.0[moles @Ecause the ceramic itself is very insoluble in brine, this
to a mole Pu increases the safety margin by furth@motection is very long lasting.
loweringK4to 0.53 and 0.37, respectively. Thus the
design does not have to rely on the presence of gaddategory 1.2 Criticality Analyses
linium for criticality safety.
Criticality events in Category 1.2 include primarily
2. Average ceramic pellet Pu loadings in excess of 1#tose in which the nuclear properties of the brine, the grout
are too near criticality to provide an adequate margim the ceramic disposal form are sufficiently altered to in-
of safety without reliance on the neutron poison gduce criticality. For example, brine containing dissolved
dolinium. plutonium, may invade the pore spaces in the borehole
thus increasing the effective plutonium loading. Also, dis-
3. Average ceramic pellet Pu loading at 5% is supeselution and removal of the grout sealant by brine can leave
critical at 0.1 mole of gadolinium to 1hole of Pu; athe ceramic pellets surrounded by more brine thus increas-
10% average ceramic pellet Pu loading, even limafey the neutron moderation by the hydrogen in water. On
of gadolinium to 1[mole of Pu does not provide a sutiie other hand, chlorine and other dissolved constituents
stantial margin of safety. in the brine may also counteract the undesirable impact of
hydrogen by absorbing neutrons. If the ceramic pellets also
Detailed analysis of the computational results shawse structural strength and compact into the voids created
that the titanium in the ceramic pellet matrix significantlpy the dissolution and removal of grout, a local increase
contributes to neutron absorption and criticality safetin plutonium loading can occur.
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The criticality coefficient for a mixture of 30% byAnalyses of Category 2 Criticality Events
volume Pu-loaded ceramic pellets, 30% by volume non-
Pu-loaded ceramic pellets, and 40% by volume brine is The preliminary criticality analyses that have been
given in Figure 2.2.6.3-2 for the same values of averagerformed show that the immobilized ceramic pellets in
Pu loading of ceramic pellets as in Figure 2.2.6.Bhls grout emplacement design presented in this report is very
case represents a bounding case when all of the groutro@sist and safe under Category(2 criticality event scenarios.
dissolved away and is replaced by brine. These results show
that: Category 2.1 Criticality Analyses

1. Atthe average ceramic pellet Pu loading of 0.5% of Criticality events belonging to Category2.1 relate to
the present design, the criticality coefficient withoutlisrupted configurations arising from accident conditions
gadolinium K¢ = 0.67) is even smaller than that irduring emplacement of the ceramic pellets. In these acci-
the case with grout present. This, perhaps, surprisidgnts, the cases in which the ceramic pellets remain
result is obtained because at this Pu loading the imruptured and when they rupture must be considered sepa-
creased moderation of neutrons due to the greatately.
amount of hydrogen in the water is more than offset
by neutron absorption by the chlorine and other cob- In accidents in which the ceramic pellets do not rup-
stituents in the brine. However, at average ceramic ture, they will fall into the borehole and collect at the
pellet Pu loadings of 5 and 10%, the criticality coeffi- maximum packing fraction of about 64% by volume.
cient is greater than when grout was present with the This however, is essentially the same as the emplace-
crossover occurring somewhere between 0.75 and 1% ment configuration at which the design is criticality
Pu loading. In summary, even without gadolinium, at  safe both in grout and in brine. Thus, even if the grout
0.5% Pu loading the present design is heavily sub- separates from the ceramic pellets during the fall, the
critical in this bounding case. system will remain subcritical and safe as shown in

Figure 2.2.6.3-2.

2. Furthermore, it is seen that the criticality coefficient
when gadolinium is present is much smaller in this. A bounding case for an accident in which the ceramic
case than when the grout was present at both gado- pellets break is one in which the pellets become a pow-
linium concentrations and at all average Pu loadings. der that collects with or without interstitial porosity
This is because the additional hydrogen in the brine occupied by water or brine. The maximum Pu load-
reduces the speed of the neutrons to the thermal range ing that can be reached in this case is 0.3% by mass

where the gadolinium is more effective in absorbing
neutrons. In summary, in the present design gado-
linium automatically counteracts the increased mod-

with 100% ceramic volume fraction if the Pu-loaded
and non-Pu-loaded ceramic powders do not segregate,
and 0.6% by mass with 100% ceramic volume frac-

erating effect of additional brine in the pore spaces. tion if the Pu-loaded powder segregates. Criticality
calculations for monolithic ceramic logs show these
3. Estimates of the increase in average Pu loading due cases also to be heavily subcritical.

to plutonium in solution at the solubility limit in the

brine show that, even when the increased tempera- Thus, the intrinsic character of the ceramic pellet con-
ture, pH, and other geochemical conditions are takeept combined with the low Pu loading utilized makes the
into account, the increase in Pu loading is too smalksign criticality safe under emplacement accident condi-
by orders of magnitude to have a significant impatibns also.

on average Pu loading on the criticality coefficient.

Thus, as long as plutonium is not continuously pr&ategory 2.2 Criticality Analyses

cipitated or sorbed from solution to increase the Pu
loading in the solid phase, plutonium in the brine will

not directly induce a criticality event.

Criticality events belonging to Category(2.1 relate to

disrupted emplacement configurations arising from natu-

ral phenomena such as earthquakes. One criticality analy-

4. The criticality coefficient for the bounding case of ais was considered for disruption of the emplacement
local increase in plutonium concentration to 1% Pepnfiguration due to an earthquake. In this case, it was
loading due to nonuniform mixing of the Pu-loadedssumed that a very wide fracture, that intersects the bore-
and non-Pu-loaded pellets corresponds to the I1éle normal to its axis, would be created by an earthquake.
average Pu-loading case in Figu28.6.3-1 and Itwas assumed that the emplaced ceramic pellet—grout mix
2.2.6.3-21lt is seen that, in this case also, the desigmould slump into the fracture and would extend to a
is subcritical.
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cylindrical disk 100t in diameter. The ceramic pellets welmeyond the solubility limits and cause rapid precipitation
assumed to remain close-packed at 60% volume fractmimplutonium bearing minerals in the fractures. Also, ex-
and the grout to be brine saturated. The boundary coruliHsion of water would reduce its moderating effect on
tions were those described previously for the 0.91-meutrons while the expulsion or precipitation of other
diam (36-in.) borehole. This computation was a part of ahemical constituents of brine (such as chlorine, which is
attempt to determine whether there was a critical Pu loadgood neutron absorber) would alter the rate of fission-
ing below which a volume of ceramic pellet—grout mix ahg. Most, but not all, of these events are likely to lead to
unlimited size would become critical. The criticality coefshutting down of the nuclear reaction quickly until the criti-
ficient that was computed was equal to 0.88, indicatingcal mass reforms slowly through geochemical recon-
high margin of criticality safety. This computation alsaentration over geologic time and a criticality event recurs
can be used to assess the safety of an accident at theasuone of a series of such events.

face where a large volume of ceramic pellet—grout mix is

accidentally released onto the ground and spreads out into Thus, Category[3 criticality events are the result of a

a cylindrical pile. complex series of coupled phenomena. These events have
' o not been analyzed in the current phase of the program.
Analysis of Category 3 Criticality Events Although the occurrence of such criticality events is con-

sidered to be “beyond extremely unlikely,” they will be
Category[3 criticality events are criticality events instudied as a part of the research and development program
duced by slow geochemical reconcentration of plutoniuim the future.
due to theslow but continuoudissolution of the emplaced
plutonium disposal form by flowing subsurface brines, m@.2.6.4 Regulations for Post-Emplacement
bilization and transport of the plutonium as a solute to Downhole Criticality
another location in the borehole or the host rock mass, and
reconcentration at this location due to precipitation out of Technical criteria for criticality safety for subsurface
solution and/or absorption from solution on the rock sudownhole conditions have not been defined in the exist-
faces. ing regulations. To the extent that plutonium is buried in
an ancient stable rock formation, it has been speculated
Because of the very small release rates, the procesthat the need for long-term criticality control may be mini-
reconcentration will require the persistence over a longal if the consequences of criticality to the biosphere is
time of continuous or episodic dissolution—-reconcentratioregligible. However, no systematic studies of downhole
activity, and the overcoming of many dissolutionériticality at deep borehole conditions have been made to
reprecipitation are the limiting factors for a critical maseerify these speculative opinions. Therefore, these analy-
to form. The continuous dissolution and reconcentratiees have to be performed to permit the establishment de-
process will depend on the presence of an adequate fkign criteria for criticality safety in the subsurface during
velocity of brine, the existence of different temperaturé)e pre-closure emplacement operations and post-closure
pressure, and geochemical conditions favorable to disperformance periods.
lution at the source location, and reprecipitation at the criti-
cality location as a mineral containing either plutonium &.2.7 Ventilation
its fissile decay products in dilute concentrations. It will
also require the existence of a sufficiently large volume of The HVAC system design for the Surface Processing
appropriately configured void space in the host rock, withamd the Emplacing—Borehole Sealing facilities will meet
intergranular pores, fracture sets or vugular cavities, falt general design requirements in accordance with DOE
the mineral to be deposited with fissile material conce6430.1A, Section(1550, and ASHRAE guides.
tration sufficient to form a critical mass.
The HVAC system provides environmental conditions
If a critical mass forms in the subsurface, then désr the health and comfort of personnel and for equipment
pending on the kinetics of the criticality event, a substaprotection. Typically, the ventilation system will be de-
tial amount of energy may be released in the subsurfasigned to maintain confinement to preclude the spread of
This energy, primarily in the form of heat, would increasarborne radioactive particulates or hazardous chemicals
the temperature, generate steam, redissolve and expelttigin the facilities and to the outside environment.
fissile material containing minerals from the critical mass The design includes engineered safety features to pre-
along fractures, and deplete the fissile material contentvasit or mitigate the potential consequences of postulated
a result of the fissioning process. The expulsion of watdgesign basis accident events.
in the brine may also increase the solids concentration
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2.3 S\AFEGUARDS AND SECURITY SYSTEM alarm thresholds will be set at levels consistent with the
FaciLITIES attractiveness of the material and within other physical pa-
rameters that are realistic for each emergency egress por-
The essence of Safeguards and Security (S&S) aglt In no case should an emergency exit be inhibited or
relates to the deep borehole site is to help guarantee fitevented by a positive alarm condition.
sensitive fissile material is not diverted from the intended
disposition process, that the amount of fissile material de- Special provisions shall be made within both the stor-
livered to the site—within acceptable physical measurage and special processing areas to protect against inter-
ment parameters—will be accountably disposed, and that and external threats. The design/operation of physical
the process satisfies international (IAEA) controls and staecurity systems and procedures is expected to mitigate or
dards of verifiability. S&S activities involve setting reprevent radiological and toxicological sabotage events and
guirements for site construction/layout, site operation, atalprovide a credible basis on which material accountabil-
site closure. In the following sections, we describe bouniti operations can be carried out.
ing conditions for
2.3.1.1 Property Protection Areas (PPA)
1. Site construction/layout requirements.
The perimeter of the property protected area consists
2. Physical site and material protection requirementsof a physical barrier consistent with site specific require-
ments (i.e., topography, natural physical barriers, geo-
3. International verification needs. graphic isolation, etc.). The buffer zone preceding the PPA
must be provided with sufficient illumination for reason-
Physical Security, Materials Control and Accountabibble observation during hours of normal darkness and un-
ity, IAEA Safeguards, and Physical Security System Fder reasonable but otherwise adverse weather conditions.
cilities are described in Sections 2.3.1 through 2.3.4. Théstrusion detection and assessment should be performed
are generally consistent with protecting DOE-defined Catt the protected area perimeter. Entry of private motor ve-
egory | and Il type special nuclear materials. More quantiicles into protected areas should be minimized and lim-
tative, more detailed, and, perhaps, less stringent aspéets to authorized parking areas. Access controls would
of S&S needs/requirements will be determined by a sitékely be accomplished by a staffed vehicle portal, how-
specific vulnerability threat assessment (VA) and agairester, this might be optional because access control could
standards that remain to be defined for the variety of ni#e accomplished at individual buildings within the PPA.
terial forms that can be accommodated within the bound-
ary conditions for each borehole disposal variant. 2.3.1.2 Limited Areas (LA)
Section 2.3.5 we provide comments about the disposal of
Pu immobilized in ceramic pellets and discuss selected Limited Areas (LA) are secured with physical barri-
issues relating to material protection and proliferation rers consistent with site specific requirements. Category

sistance prior to disposal of this form. [Il and IV materials can be stored or handled in LA areas
. . _ (DOE Order 5633.3A). Access to these areas and to the
2.3.1 Physical Security Requirements material stored or handled therein should be limited to

persons whose trustworthiness has been predetermined and
Programmatic activities shall be conducted withito persons in their escort. General access to these areas
security areas designated as (1)[Property Protection Arehsuld be kept to the minimum necessary to accomplish
(PPA), (2)Limited Areas (LA), and (3)[Protected Areathe tasks appropriate for such areas. All persons and pack-
(PA). A site plan noting these areas is shown in Figuages entering/leaving LA areas are subject to search and
3.1.7-1. seizure at the discretion of the observing protective secu-
rity officer. These measures inhibit the introduction of ar-
Entry portals, manned by protective service persotieles of sabotage or the unauthorized removal of nuclear
nel, provide access to the site. Metal and explosives deaterial. Appropriate portable instrumentation should be
tectors, badge readers, and other personnel identificatprovided to assist with routine monitoring of personnel
devices shall be utilized at appropriate access pointsetttering/exiting LA areas. Private motor vehicles should
prevent intrusion of unauthorized personnel or the intrbe prohibited from access to LA areas. The LA area is
duction of prohibited articles. The emergency exits mayranged with minimal exit/entry points consistent with
contain physical barriers with access controls utilizingfficient and safe operations in this area. Exits fitted with
nuclear material detectors and metal detectors to indicatarms are provided about the PA parameter to allow for
the removal of sensitive material. However, plutoniusafe and rapid egress in the event of an emergency.
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2.3.1.3 Protected Areas (PA) Type lll:  Temporary personnel with appropriate
business in the area and escorted by em-
Protected Areas (PA) are secured with physical barri- ployees with Typellor Typell badges as
ers consistent with site specific requirements. Category | appropriate.

and Il materials can be stored or handled only in PA areas
(DOE Order 5633.3A). Access to these areas and to the Type IV: Visitors and other guests escorted by em-
material stored or handled therein should be limited to ployees with Typellor Typell badges as
persons whose trustworthiness has been predetermined and appropriate.
to persons in their escort. General access to these areas
should be kept to the minimum necessary to accomplish Passes and badges should be designed to obviate
the tasks appropriate for such areas. All persons and pamkinterfeiting.
ages entering leaving PA areas should be subject to rou-
tine search to prevent the introduction of articles &.3.1.6 Key Control
sabotage or the unauthorized removal of nuclear material.
Appropriate fixed instrumentation should be provided to Records must be kept of all persons having access to
assist with routine monitoring of personnel entering/exior possession of keys or key cards that access the contain-
ing PA areas. Private motor vehicles should be prohibitetent or storage of nuclear material. Arrangements should
from access to PA areas. Whenever persons are preseheimade to minimize the possibility of key duplication
a PA area, those areas should be under constant suregilli the combinations, where appropriate, should be
lance. The surveillance can be affected by mutual obselnanged at suitable intervals.
vation of two or more coworkers (e.g., the “two-man rule”).
The PA area is arranged with a single exit/entry pointwith3.1.7 Communications
auxiliary emergency exits fitted with alarms.
Independent duplicate transmission systems for two-
2.3.1.4 Storage Areas way voice communication should be provided for activi-
ties involving intrusion detection, assessment, and
Storage areas located in the receiving and processiagponse. This should include links between guards, their
areas (see Figure 2.1.3.1-1) should be of a “strong rooh@adquarters, and the respective response forces. Indepen-
design and construction and should minimally meet DQtent, duplicate transmission systems, including indepen-
Order 5634.1B. They should be provided with alarms adént power supplies, should be provided between sensors
adequate locks. The issue of keys or key cards shouldane alarm display (audible and/or visual) areas.
closely controlled. Access to storage should be strictly lim-
ited to assigned persons or to persons under appropriatd.1.8 Protective Forces
escort. Where nuclear material is stored overnight in work
areas or in sub-storage structures, specially authorized pro- A 24-hr armed guarding service must be provided to
cedures should be used to protect the area. Alarms, parform routine internal and external patrols. The guards
trols, TV surveillance monitors, can be used to help satisfiyould report at scheduled intervals to local or other secu-
this requirement. Nearby areas shall provide space, shieity forces during non-working hours. The overall objec-
ing, and access for weighing, gamma fingerprinting (metivre of this force is to prevent the unauthorized removal of
surement), verification of bar codes for the primamuclear materials. Appropriate backup forces should be
containers, and verification of empty storage locations.identified to assist the active on-site force with this task as
required.
2.3.1.5 Access Control
2.3.1.9 Employee Training
All persons entering a PA should be issued with spe-
cial passes or with appropriate registered badges. Badging All employees should be annually informed of the
of persons entering LA or PA areas should follow gradémiportance of effective physical protection measures and
procedures noted below. be trained in their implementation. Notices on the subject
should be conspicuously posted throughout the facility.
Type l:  An employee whose duty permits or re-
quires continual access to the area. ~ 2.3.1.10 Material Security Transfer

Type ll:  Other employees who are otherwise per- Every nuclear material handler should be required to
mitted access to the area. conform to procedures transferring custody of the nuclear
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material to a succeeding handler. Handlers are additiomaterials are contained within the LA. The PPA surrounds
ally expected to be aware of inventories under their dirgbe LA and includes the buffer zone around the facility.
control and to be able to quickly identify any discrepari-he passenger vehicle parking and personnel services (e.g.
cies and potential diversions of nuclear material. Moveafeteria, training center) facilities are located outside the
ments of nuclear materials within PA and LA areas should but within the PPA.

be the responsibility of an appropriately identified super-

visor or control authority. All prudent and necessary phy<-3.2.2 Security Processing—Employees/

cal protection measures must be applied to such transfers. Visitors[Center

Nuclear material movement between two protected areas

should be treated in full compliance with the requirements Security Processing—Employees/Visitors Center will
for nuclear material in transit after taking account of agerve as the initial point of entry for plant visitors. Func-

propriate site conditions. tions performed in this area include badge and pass, secu-
rity office, file room, visitor control room, and visitor
2.3.1.11 Emergency Planning orientation rooms. Space is provided for badging and do-

simeter distribution for plant employees. This facility will
Emergency plans of action should be prepared lbe located in the Personnel Services building in the PPA
counter effectively any possible threat, including attemptedne.
unauthorized removal of nuclear material or facility sabo-
tage. Plans should provide training to facility personnel 813.2.3 Security Center
act appropriately in case of alarm or emergency. Person-
nel trained at the facility should be prepared to meet all The Security Center serves as the security adminis-
necessary demands of physical protection and recoveryrafive headquarters and contains a pistol firing range, ar-
nuclear material and should act in full coordination wittmory, lockers, change rooms, training and meeting rooms,
appropriately trained response forces and safety respooffices, and a storage room for supplies.
teams. Arrangements must be made to ensure that nuclear
material is not removed in an unauthorized manner durizgg3.2.4 Personnel and Vehicle Access Control
emergency evacuation conditions or drills.
Regular access to the PPA of the facility by pedestri-
2.3.1.12 Annual Surveys ans and vehicles will be through the west gate, where a
guardhouse and access control facility is located. Visitors
A security survey should be made annually (or whewdll be routed to the Security Processing—Employees/
ever a significant change in the function of the facility i¥isitors Center for clearance, badging, and/or escort. Ac-
recorded) by an appropriately designated physical proteess to the LA of the facility will be through the west gate
tion authority to evaluate the effectiveness of the siteg$ the LA perimeter. Additional manned access control
physical protection measures and to identify necess#goths are provided for pedestrian and vehicular traffic to
changes in measures that would optimize the Safegutird PA areas.
and Security Plan of the site.
Rail and truck access to the facility will be through
2.3.2 Physical Security System Facilities  the east gate at the combined perimeter of the PPA and the
LA at that location. A guardhouse and an access control
2.3.2.1 Site Fencing facility are provided at this entrance. As shown in the Site
Plan, the entire borehole array area is located within the
The Site Map given in Figure 3.1.7-1 shows securityA, while the Emplacing—Borehole Sealing Facility is
boundaries: the Protected Areas (PAs), Limited Areasovided the additional security of a PA fence, a guard-
(LAs), and the Property Protection Areas (PPA) of theuse, and an appropriate access control facility for pe-
Deep Borehole Disposal Facility. Operations involving thegestrians and vehicular traffic.
plutonium disposal form in the Surface Processing Facil-
ity must be performed in a Material Access Area (MAA2.3.2.5 Security Monitoring and Intrusion
that is hardened for security purposes. The MAA and fa- Alarm Systems
cilities supporting MAA operations are located in a PA.
The Emplacement and Borehole Sealing Facility to which The Security Center will contain the Access Control
the ceramic pellets are brought is also within a PA. Eaahd Monitoring Center for safeguarding the main facility
PA is secured with a double fence and intruder detectiarea and the borehole array area. This facility will be
systems. The PA and operations involving classifiedanned 24 hours a day. The features provided for
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physical protection of the site include site fencing, intrudeontrol and accounting. This covers both the Surface Pro-
detection devices, site lighting and closed circuit rematessing and Emplacing—Borehole Sealing Facilities.
viewing systems, communications systems, personal ac-

cess/egress control systems, guardhouses, and vehicle con-The Receiving, Processing, and Process Waste Man-
trol stations (rail, truck, and passenger vehicles). The Rgement Buildings together form a Material Balance Area
and LA area fences of the site will be lighted at night aiffiBA). The plutonium receiving area will satisfy all physi-
will be protected by intruder alarm systems and rematal security requirements as described in DOE Order

surveillance capabilities 24 hours a day. 5632.1C and DOE M5632.1C-1. When the fissile mate-
rial is classified because of configuration/content, etc., it
2.3.2.6 Computer Security shall receive the physical protection required by the high-

est level of classification appropriate for its potential mili-
The facility will develop an overall computer secutary application.
rity plan so that hardware, software, and database integ-
rity are protected against site-specific threats. This plan The amount of nuclear material entering this MBA
will include protection of computer related activities focomplex is determined by shipping records and may be
physical protection as well as for material control and aalidated by direct measurement. Chemical, hazardous, and
countability. radioactive waste residues, which are the result of pro-
cessing activities, are removed from Receiving and Pro-
2.3.3 Material Control and Accountability  cessing Building and may be placed in limited storage for
less than 90 days from the time of their generation. Dur-
Itis expected that the amount of nuclear material trarisg this period, waste containers must be assayed for
ported to the site, minus any amount held captive in wastetclear material and monitored for surface contamination
stream residues from processing activities, will equal thefore they leave the Waste Handling Area. The fissile
amount of material deposited in the site’'s borehole. Anaterial will be prevented from leaving the MBA until
integrated site material balance system must be set in pleiteer satisfactory material balance is ensured or unless
to ensure that this balance is accomplished and availatleer factors can reasonably guarantee that the waste con-
for verification. Measurement systems for the determintins no accountable nuclear material.
tion of nuclear materials received, diverted through waste
streams, or otherwise disposed must be provided as arr3.3.2 Nuclear Material Control
tegral component of the material accounting activity. These
systems will be periodically evaluated for precision and The material control portion of the Safeguards Sys-
accuracy and for the estimation of measurement uncemm governs internal transfer (or movement), location,
tainty. Material Balance and Accounting combines elaccess, and use of nuclear material; it also monitors the
ments of Waste Monitoring, Material Control andtatus of process flows and inventories. The Material Con-
Accountability Measurements, Nuclear Material Controfrol System is closely associated with, and uses data (as

and Material Accountability as outlined below. needed) from, the Site Process Control, Surface Critical-
. N ity Safety, ES&H, and Access Control Systems to detect
2.3.3.1 Material Accountability abnormal situations involving nuclear material and/or

MC&A system components.
The accountability portion of the Safeguards system
provides timely information for the location and amour2.3.3.3 MC&A System Integration
of all nuclear materials in the facility and is designed to
detect abrupt or protracted (multiple) thefts/diversions. The This system monitors the storage, processing, and
Accountability System provides a means of physicaltyansfer of nuclear materials to detect non-normal events
accounting for the disposition of nuclear material and $® that no nuclear materials are inadvertently lost, no un-
supported by established measurement control methadshorized removals occur, and nuclear materials are ac-
and procedures. New technologies and automated teobtunted for and adequately measured. Exact performance
nigues will be implemented where practical to reduce ref the MC&A system is driven by required loss detection
qguirements for employee access to accountable nuclsansitivities that are capable of detecting losses and local-
materials and to reduce employee exposure to hazardiairsg inventory balances for anomaly resolution. The
environments. nuclear MC&A system ties closely with the physical se-
curity system of the facility to provide credible assurance
The Borehole Disposal Facility will be subdivided intdhat no theft or diversion of nuclear material has occurred.
Material Balance Areas (MBASs) for fissile material
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2.3.4 |AEA Safeguards Requirements 2.3.5 Safeguards and Security Require-
ments Related to Proliferation
The objective of IAEA safeguards is the timely de- Resistance of the Ceramic Pellet
tection of the diversion of significant quantities of nuclear Plutonium Disposal Option

materials to activities that have military applications. Ma-

terial accountancy is used together with containment and The facility is projected to sustain a disposal rate per
surveillance as complementary safeguards techniquesyefar of 5 of Pu immobilized in 500 of inert ceramic
system of accounting for the control of all nuclear materiaterial. Surge rates are anticipated to increase this level
als will be based on a structure of material balance arégsa factor of 2 to 10[lof Pu per year in 1,000{ of ceramic

(MBA). material. Thus, the facility must handle a minimum of 20[kg
of Pu per operating day and twice this amount during surge
2.3.4.1 General Accountability operation. In addition, the Facility requires a 1-month in-

ventory (417[Rg) of Pu-loaded ceramic material in storage

To satisfy IAEA verification requirements, the sitdor processing operations. At the Receiving Facility, the
must establish acceptable procedures for identifying, reaterial will be received in 208-L (55-gal) drums con-
viewing, and evaluating differences in shipper—receivaining 14,860 pellets and 5.1[Kg of plutonium, which will
measurements, for taking acceptable physical inventoribe, opened, inspected, and resealed. Furthermore, batch
and for the evaluation of accumulations of unmeasuregerations associated with the bucket delivery and pump
inventory and unmeasured losses. Additionally, an acceglivery modes of emplacement of the pellet—grout mix-
able system of records showing, for each MBA, receiptgre within the borehole involve processing of batches of
for changes involving transfers into and out of such aregsllets containing 834kg and 200kg of plutonium, respec-
Provisions must also be made to ensure that accountigly. These figures represent the plutonium flow rates in
procedures and other arrangements are being operdhedareas where handling, interim storage, and disposal
correctly. All of these feature should be accommodategerations are being carried out.
by the general Materials Balance and Accounting activi-

ties described in Section2.3.2. DOE Orders set rigid guidelines for determining
Category( Il, 1ll, and IV materials when Pu is the attrac-
2.3.4.2 Records Systems tive element. Each sample category is defined by an “at-

tractiveness level,” which grades the material against a set
Borehole site records shall be retained for at leasbbcriteria associated with its material form and/or elemen-

yr, but facility post-closure security and safeguarding r&al purity, and a “kilogram quantity level,” which is sim-
guirements may dictate retention of these records foplg a measure of the mass of Pu present in the sample. The
much longer period. This applies to operating recordSategory assigned to a collection of Pu-laden materials
accounting records, calibration records, etc. directly determines their security protection level. High-

grade Pu materials, without regard to form, are identified
2.3.4.3 International Inspection Provisions as Category(lor Il materials and require the highest level

of protection if they exceed an aggregate Pu mass of 2[Kg.

An International Inspection Area (I1A) is likely to beFrom the discussion in preceding paragraph, although each

a required component of the site. An IlIA is used by intgpellet contains only 0.3432[g of Pu, the expected collec-
national inspectors for inspection and verification of thitons of pellets in any one place at the facility easily
plutonium. Prior to facility attachment negotiations witlexceed the 2[Rg limit to allow for projected disposal op-
IAEA, this inspection is expected to be limited to PC¥ration rates.
identification, gross weight, and gross radiation count. The
IIA houses equipment provided by the international agency A fundamental uncertainty regarding material attrac-
and contains files necessary to carry out authorized stiveness for immobilized forms is whether, for example,
veillance without allowing access to classified informaiigh-grade plutonium, immobilized and diluted in an in-
tion. Inspection activities also include site visits for thert matrix, can be identified with a lower level of attrac-
purpose of reviewing records and information recorde¢ieness (i.e., classified as “other materials” with an
by installed instrumentation and CCTV cameras that battractiveness level E and a corresponding CategorylV
long to the inspecting organization. Equipment locatessignment). In principle, this would significantly lower
inside the inspection area may be operated by the inspbe-fissile material category and would thereby lower the
tors remotely through a control room with direct viewingecessary level of protection. Pelletized forms are small
into the inspection area. Special uninterruptable pow@r54-cm-diam (1-in.)] spheres that have the potential to
supply (UPS) and other systems would be provided bg easily removed from a site if handled in small batches
international agreements.
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and in the absence of strict monitoring protocols. Thus,timat the increased proliferation resistance conferred on a
the proposed Facility design, even though it would requidésposition method by physical inaccessibility and the pro-
the diversion of a great many pellets to provide a criticaibitive cost of retrieval of the disposed material should
level of concern, the pellets will be handled in large batchies included in the “Spent Fuel Standard.” Clearly, the prin-
under strict monitoring protocols to significantly reduceipal means by which the Deep Borehole Disposal con-
the diversion potential of individual pellets. cept satisfies the need for proliferation resistance is by
making the material physically inaccessible Therefore, in
The issue of protection levels for Pu pelletized fornmepplying the “Spent Fuel Standard,” to this Deep Bore-
can be considered from another perspective as well. Tie Immobilized Disposal Alternative, the Standard
term “Spent Fuel Standard” was coined by the Nationsthould be more broadly interpreted to include not only the
Academy of Sciences (1994) in their stidginagement proliferation resistance conferred by the dilute form of the
and Disposition of Exced¥egons PlutoniumlIn brief, plutonium immobilized in ceramic pellets, but also the
the NAS study suggested that Pu disposal forms shoulddbgsical inaccessibility to all except the host country in
“...rendered at least as proliferation resistant as the Pu passession of the site and the high cost of physically re-
isting in commercial spent fuel...” and stated that “...degpeving the disposed material.
boreholes represent a class of options that go a long way
towards eliminating the proliferation risks posed by ex- In summary, when viewed from the perspectives of
cess weapons plutonium...” A recent interpretation lipoth the DOE regulations and the protection standards
Rhoads (1995) of this standard succinctly states that trexived from the NAS study, at this time the Safeguards
“...form of a material alone does not provide sufficierand Security requirements for the Pu-loaded ceramic pel-
proliferation resistance.” While the NAS study clearly folet disposal option cannot be significantly moderated or
cused on the attributes of the disposal form in the definglaxed below those stated above.
tion of the “Spent Fuel Standard,” it failed to clearly state
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3. GENERIC SITE DESCRIPTION, SITE MAP, AND LAND
USE REQUIREMENTS

3.1 Generic STE DESCRIPTION 3.1.1 Geographic Setting

The Deep Borehole Disposal Facility site described The Deep Rock site, shown in Figure 3.1.1-1, is lo-
here is a generic site ahgpotheticaeographical loca- cated in a rural area surrounded by farmland and charac-
tion in the United States called Deep Rock, USA. In deerized by low, rolling terrain. The average elevation above
veloping this generic site description, the characteristissa level is 200 m. The topography of the area is rather
of an ideal site have been used for guidance to arrive dliad with a maximum topographic relief of 25 m over the
realistic description of a site that can be found in a nu0RmX 20[Rm area shown in Figure 3.1.1-1. The Deep
ber of areas in the continental United States. Site inf&eck River is a small river (8[th average depth0DIh
mation is provided at a level of detail sufficient to makaverage width) that originates in a drainage basin
an approximate assessment of the environmental impgig600Kn? area) located on a low plateau (20 m high) to
at the site. The data provided includes the geographitia north of the site. Approximately 815 millior3 raf
and topographical features of the area, the subsurfacewater flows down the river each year with a threefold in-
ology and hydrology, the climate, the levels of seismarease in flow rate during spring over that during summer.
activity and wind speeds, the population densities affitie river flows down off the plateau onto a flat plain and
population centers, rail, road and air traffic access wayisen flows to the southeast parallel to the northwest—south-
and a site map. east trending bluff at the plateau boundary. About 5 km

HWY |

v

<
m
m
©
<
(o]
(@]
=
PV«

REGIONAL IN-SITU
STRESS ORIENTATION
( 500 M DEPTH )

20 km

SNy
T T T T T
T

T2

!XII;JIII

/@/WATER WELL

PASSENGER— S — 1
VEHICLE ™~ DEEP BOREHOLE

ACCESS ROAD \ | DISPOSAL s | +
FACILITY | )ZL
| 2 L L o B

TRUCK ACCESS ROAD

AN
>
Y.

20 km

Figure 3.1.1-1. Geographic Generic Site Area Map of Deep Borehole Disposal Facility.
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further downstream, the river flows into the shallow Deep.1.5 Subsurface Geology and Hydrology
Rock Lake (10 m avg. depth km wideX14 km long)
and then continues beyond the lake to flow southeast par- The geology of the area consists of Precambrian crys-

allel to the bluff. talline rocks (Zones[3 and 4 in Figure[3.1.5-1) overlain by
2500 of well-cemented, interbedded Cambrian siltstone
3.1.2 Climate and sandstone (Zone[2). The Precambrian rock outcrops

about 38 km from the site, in a wilderness area. The silt-
The Deep Borehole Disposal Facility site is locatestone and sandstone is overlain by a thin clayey-silt soil
in the southwest corner of the area shown in Figure[3.1cbver (Zone[1) of 10[th average thickness and 20ih maxi-
1. The site is above the 100-yr flood plain of the Deepum thickness. The siltstones and sandstones in Zonel2
Rock River whose water level increases during spring bgve a well developed fracture pattern with horizontal and
at most 1 m. The climate in the area can be characterizedtical joint orientations and anisotropic permeability.
as semi-arid sub-humid. The average winter high tempefamne(3 is a moderately fractured granite with subvertical
ture is —8.3C and the average summer high temperatu@nts extending downwards from the Zone2-Zonel3
is 26.7C. It is, however, a windy location, with winterboundary to a depth of 250lh. The deep crystalline rock
blizzards and spring and summer tornadoes and a miniZonel4, extending below 1,000 m, is a sparsely frac-
mum basic wind speed level of 113-129 km/hr (70-80red granite of very low permeability.
mph) as defined in the Uniform Building Code.
The primary pathways for deep groundwater flow in
3.1.3 Demographics the area are the Fault Zone Sets 1, 2, and 3 located in the
crystalline rock Zones[3 and 4. The slightly dipping (10h
The nearest town, Deep Rock, is located 18 km frabnslope) sub-horizontal thrust Fault Zones in Sets 2 and 3
the site and has a declining population, now numberitgyminate against the steeply-dipping (10 in 1[Slope)
about 4,000. The nearest city with a population greatrbvertical normal Fault Zones in Set 1. The fault zones
than 50,000 is 60 km to the northeast from the site. Thelonging to the subvertical Fault Zone Set 1 are 20[th
rural population density is less than 4 perdand/ There thick and persist to a depth of about 5,000[M with decreas-
are no major commercial air traffic routes within 100 kning permeability. Fault Zones in Setl2 are 20 thick while
and the local instrument lanes for air traffic are 30 kthose in Set[3 are 5 m thick. The sub-horizontal fault zones,
away. Minor oil and gas pipelines are located 50 km froamd to a lesser extent the subvertical fault zones, are con-

the site. nected to the joints in Zone2 and the subvertical joints in
Zonel3. The hydraulic and transport properties of these
3.1.4 Natural Resources and Land Use hydrogeologic zones are given in Table 3.1.5-1.

There are no known mineral resources, ongoing min- The water table is rather shallow in the area ranging
ing/resource extraction activities, or protected lands (park®m 1 m depth in low lying areas to 5[ depth in topo-
Indian lands, national forests) within 50 km of the sitgraphically high areas. Consequently, the water table
The principal economic activity in the area is alfalfa, wheatlosely follows the surface topography of the area. Infil-
and sorghum farming concentrated in a narrow 1-km-witl&tion and percolation of rain and snowmelt recharges the
strip along the southwestern bank of the Deep Rock Riggpundwater flow systems in the soil from the topographic
and the Deep Rock Lake, and with cattle and sheep rangighs. The water table reaches the annual maximum lev-
ing extending over a wider area. Water for use by the resis when the spring snowmelts are supplemented by rain-
dents of the town of Deep Rock is obtained from the Defgll. Water levels recede during the summer due to mois-
Rock Lake. Although the farmers and ranchers rely ptisre loss by evapotranspiration. Typically, water table
marily on surface water pumped from the River and tfflactuations are small (less than 1), and, after normal
Lake, there is occasional reliance by the ranchers on wedlter table levels are reached, most of the rainfall runs off
water for their livestock. The well water is pumped to the surface streams that in turn flow into the Deep Rock
surface from an aquifer in the fractured siltstone and saftiver and the Deep Rock Lake. It is estimated that only
stone formation that underlies this area (see Section[3.2% of the total snowmelt [18 cm (70ih.)] plus rainfall
below). The nearest water well, located at a distance[88 cm (13[ih.)] equivalent of 51 cm (20[ih.) precipitation
about 5[km from the Deep Rock Site, is a 150 deep liveyear reaches the water table. The small amount of water
stock watering well that is pumped 24 hr/day at a maxhat does reach the water table by direct infiltration through
mum rate of about 38 L/min (10[gal/min). the soil, flows along the soil cover in Zonell and, to a

lesser extent, through the fractured siltstones and sand-
stones in Zonel2 to the Deep Rock River.
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Table 3.1.5-1. Hydraulic and Transport Properties of the Hydr ogeologic Zones.

Horizontal/ Vertical/ Partition
longitudinal lateral coefficient Retardation
Hydrogeologic Depth range | Thickness Por osity per meability per meability Kd factor R Salinity

zone (m) (m) (fraction) (m?) (m2) (mL/g) for Pu(®) (g/L)
Zone 1: Soil cover || —275to—250 25 3.0x 101 1.0x 1013 5.0x 10713 301 1,200 0.1
Zone 2: Fractured —250t0 0 250 5.0 x 102 1.0x 10715 5.0x 1015 146 31,900 0.5
siltstone, sandstone
Zone 3: Moderately 0to 250 250 1.0x 102 1.0x 1017 50x 10715 10.5 2,900 10
fractured granite
Zone 3; Moderately || 250 to 1,000 750 5.0 x 103 1.0 x 1017 1.0 x 1016 105 5,840 10
fractured granite
Zone 4: Sparsely 1,000 to 2,000 1,000 3.0x 1073 1.0x 102! 1.0x 1021 3.02 2,810 50
fractured granite
Zone 4: Sparsely 2,000t0 3,000 | 1,000 2.0x 1073 1.0 x 10722 1.0 x 1022 1.78 2,490 100
fractured granite
Zone 4: Sparsely 3,000 to 5,000 2,000 1.0x 103 1.0x 1023 1.0x 1023 131 3,660 150
fractured granite
Zone 4: Sparsely 5,000 to 8,000 3,000 1.0x10%4 1.0x 10724 1.0x 10724 0.78 21,700 300
fractured granite
Fault Zone Set 1 0to 1,000 20 5.0 x 102 1.0x 10713 5.0 x 1014 215 900 10
Fault Zone Set 1 1,000 to 2,000 20 40x 1072 50x 1014 25x1014 8.17 432 50
Fault Zone Set 1 2,000 to 3,000 20 3.0x 1072 1.0x 1014 5.0x 10715 5.83 415 100
Fault Zone Set 1 3,000 to 5,000 20 20x1072 50x 1015 25x 1015 4.90 529 150
Fault Zone Set 2 0to 1,000 20 5.0 x 102 1.0x 10713 5.0 x 10714 215 900 10
Fault Zone Set 3 0to 500 5 50x 1072 1.0x 10713 50x 1014 215 900 10

(1) Retardation factor (dimensionless) is defined by R= 1 + [(1 — ¢)/¢] pKg, where @is the porosity, p isthe solid density (g/mL), and K4 is the partition

coeffient (mL/g).
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The deep groundwater system is hydraulically coon-site transportation routes for trucks bearing the disposal
nected to the fractured Zone[2 primarily through therm.
subvertical joints in Zonel3. Therefore, any surface re-
charge into the deep groundwater flow system must ocau2 LAND AREA REQUIREMENTS DURING
through water infiltrating downwards from the Deep Rock OPERATION
River through the joints in Zones2 and 3 to the faults in
Fault Zone Sets2 and 3 and to a lesser extent in Fault The number of acres required to accommodate the
Zone Setl1. However, because the low topographic relfebtprints of the Deep Borehole facilities is listed in Table
at the surface provides minimal hydraulic potential diffe.1.3-1, Facilities Data. The Deep Borehole Disposal Fa-
of the rock in Zonel4 and the fractures in Fault Zone Sedtilland for the entire facility and its 1.6-km-wide (1-mile)
below 2 km depth are very low, it is unlikely that the dedpuffer Zone. Of this area, 32 hectares (78[acres) is occu-
groundwater flow is significantly affected by surfacgied by the Main Facility, 25 hectares (62[acres) by the

recharge. Borehole Array, and 1,873 hectares (4,628 acres) by the
Buffer Zone. The total land area disturbed during the op-
3.1.6 Seismicity and Geologic Stability eration period is approximately 56 hectares (139 acres).

It is known that the region in which Deep Rock Site  During the Closure period, the main facility area of
is located is extremely stable tectonically with no recordéite Deep Borehole Disposal Facility will be restored and
earthquakes with a Mercalli intensity above V. It falls ireturned to natural conditions. During closure activities
the 0-1 seismic zone category range, as defined in the Deep Borehole Disposal Facility requires the same land
Uniform Building Code, corresponding to seismic accesrea as during its operation phase, and the total disturbed
erations of less than 0.075[d. The region does not hdard area will be the same at approximately 56 hectares
any recorded volcanic or geothermal activity, and explgit39 acres).
atory drilling for resource delineation and scientific pur-
poses have established that the underlying crystalline rock During the Post-Closure period the Borehole Array
has remained undisturbed for hundreds of millions of yeaasea of 25 hectares (62 acres) will be declared a limited
The geothermal gradient in this rock is moderate and retacess area indefinitely, and a 1.6-km (1-mile) Buffer Zone
tively uniform at 18C/km. The salinity gradient, how- of 1,358 hectares (3,355 acres) may also be declared off
ever, exhibits significant variation on shorter spatial scalmits. Thus, the Borehole Array area will require approxi-
superimposed on an increasing average trend with increastely 1,383 hectares (3,417 acres) to be declared off lim-
ing depth. For example, as indicated in Table 3.1.5-1, tit® The total disturbed land area during the Post-Closure
average salinity gradient at the site increases from 1% period will be the approximately 0.1 hectare (0.25 acre)
km between 0—1Km depth, to 4% per km between 1-2[lirocupied by the 15 m15 m (50 ftk150 ft) concrete secu-
depth, to 6% per km between 2—-3[km depth; the saliniffy and anti-water infiltration caps installed above the four
appears to reach a maximum of about 350[d/L beyond 8kareholes.
depth. Dating studies performed on the brines below 1.5Km
depth indicate that they are likely to be the original co3.3 LAND AREA REQUIREMENTS DURING
nate waters trapped in the rock at the time the crystalline CONSTRUCTION
rock masses were first formed.

3.3.1 Land Use
3.1.7 Site Map
The Deep Borehole Disposal Facility requires approxi-

The Site Map of the Deep Borehole Disposal Facilityately 4 hectares (10 acres) of land for construction
is given in Figure 3.1.7-1. The map shows the Securigydown and warehousing and 2 hectares (5 acres) for con-
Boundaries and Buffer Zone surrounding the facility. Htruction parking.
also shows the 4 boreholes required by this immobilized
deep borehole disposal facility design and the spacing Be3.2 Off-Site Transportation
tween the boreholes in the array. Detailed descriptions of
the facilities are given in Section 2.1.3. Figure 2.1.2-2 A minimum of 1.6-km (1-mile) two-lane paved road
shows in more detail the layout of the facility in both thand railroad spur track will have to be constructed to the
Main Facility and Borehole Array areas. It also shows tlizeep Borehole Disposal Facility site for workers trans-
access routes for off-site transportation, and the twortation and material and equipment delivery. The length

of the road connections depends on the specific site.
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4. PROCESS DESCRIPTIONS

The Deep Borehole Disposal Facility accepts pluto- The pellet—grout mix is emplaced by one of two meth-
nium immobilized in ceramic-coated ceramic pellet disds: delivery by a bucket lowered into the borehole or by
posal form. Other options exist, such as plutonium immpumping down a delivery pipe inserted into the borehole.
bilized in glass or directly as metal, chopped pits, &¥ith the latter method, this pellet—grout mix is pumped
plutonium dioxide. The disposal form is emplaced in deéqto a 152-m-long (500-ft) pipe bucket and the bucket is
competent rock with ancient, nearly dormant brine. It lswered into the borehole. Under gas pressure, the mix is
sealed in place to minimize brine intrusion and to prevesibwly released from the bucket. During this process, a
criticality. The disposal form is received and stored at thératory compactor attached to the bucket is used to com-
surface processing facility pending transportation on-sppact the most recently released part of the pellet—grout mix.
to the emplacement facility where it will be mixed withThe emplacement and sealing procedures are described in
grout. Deep boreholes are drilled to a depth of about 4[8ection 4.3.1.
and partially cased. The emplacement and sealing facility
is located near the boreholes to prepare the ceramic gell.2 Feeds
let—grout mix and emplace it at depth in the boreholes.

The plutonium disposal form is a ceramic-coated plu-

4.1 SUrRFACE PRrROCESSING FACILITY tonium-loaded ceramic pellet produced at a separate im-
. mobilization facility. The ceramic pellets are assumed to
4.1.1 Function be delivered in drums in DOT approved transportation

containers via transportation trucks meeting security re-
The process flow diagram for the Surface Processiggirements appropriate to this disposal form. Confirma-
Facility is shown in Figure 4.1.1-1 together with its wastery and accountability measurements are made after un-
treatment process flow diagram. The overall facility flowacking the pellet-containing drums. The ceramic pellets,
diagram was previously presented in Figure2.1.1-1. Theor to being mixed with grout, are stored in a shielded
immobilized Pu-loaded coated ceramic pellet disposal fostorage vault in the drums in which they are delivered.
is delivered in transportation containers to the Surface Piidre uncoated non-Pu-loaded ceramic pellets are purchased
cessing Facility from an immobilization facility. In thefrom a commercial vendor and are delivered to the site in
Surface Processing Facility, the transportation contain@@8-L (55-gal) drums by commercial trucks.
are opened and inspected, and if more than a specified
number of ceramic pellets are damaged the container is The feed rate of the ceramic coated plutonium loaded
closed and returned to the immobilization facility. Theeramic pellet disposal form to the Surface Processing
containers meeting the acceptance criteria are stored-atility is the equivalent of 5[yr of plutonium. At a plu-
the Facility until required by the Emplacing—Boreholéonium loading of 1.0% by weight (without neutron ab-
Sealing Facility as feed material. sorber poisons) this amounts to 500(yr of ceramic dis-
posal form. The feed rate of the uncoated non-Pu-loaded
At the emplacement facility, the coated Pu-loademkramic pellets is also equal to 500yr.
ceramic pellets in these containers are mixed with an equal
volume of uncoated non-Pu-loaded filler ceramic pellet4.1.3 Products
The ceramic pellet mixture is then mixed with grout to
produce a ceramic pellet—grout feed material with 30% by Ceramic pellets are transferred to the Emplacing—
volume Pu-loaded ceramic pellets, 30% by volume noBerehole Sealing Facility for mixing with grout via an
Pu-loaded ceramic pellets, and 40% by volume grout fiotrasite transporter. The ceramic pellets are dumped to a
emplacement in the borehole. The filler ceramic pellefised bin in the grouting facility. They are metered in a
are inexpensive uncoated commercial grade pellets of faed hopper and are mixed with a batch of premixed ce-
same ceramic chemical composition as the Pu-loaded ment grout in a grouting vessel. At present, the grout is
ramic pellets produced by the immobilization facility. Thassumed to be cement based, but the grout composition
purpose of the filler ceramic pellets is to reduce the effatay be changed in the future (e.g., a bentonite clay based
tive plutonium loading of the mixture of 1% Pu-loade@roduct) when planned R&D results become available to
pellets and the non-Pu-loaded pellets to 0.5% by massglnde the selection of an appropriate grout. The ceramic
this way, an additional measure of criticality safety igellet—grout mixture is transferred to the emplacing facil-
achieved while cutting the volume and cost of the Pily and is emplaced in the borehole. The used ceramic ship-
loaded ceramic pellets in half. ping container is recycled after decontamination.
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The Surface Processing Facility receives, stores, amh process. In that event, the escaped dust will be col-
ships approximately 500[yr of Pu-loaded ceramic to thected by the process area ventilation system. Air exhaust
Emplacement Facility. During surge operation at 10{$rom plutonium handling and storage areas of the Receiv-

of plutonium, this rate will double to 1,000 yr. ing and Process Facility are discharged to the atmosphere
. _ in an exhaust stack after two-stage HEPA filtration. The
4.1.4 Utilities Required stack release is continuously monitored by an isokinetic

air monitoring system.
The processing at surface facilities requires electrical
power, compressed air cylinders, and water for utilig.1.7.2 Solid and LiquidWastes
functions.
The wastes generated by the Surface Processing Fa-
4.1.5 Chemicals Required cility will be sampled for radioactivity and, if free of ra-
diation, will be stored for disposal in an off-site sanitary/
Cement grout and grout additives are used to mix witthdustrial disposal facility. If contaminated with radiation,

the ceramic pellets. they will be treated as low-level/TRU waste. Solid waste
generated from process operations at the surface facilities

4.1.6 Special Requirements—Support includes shipping packing materials, deformed Pu-loaded
Systems ceramic pellet shipping containers, wipes and rags, gloves

and paper clothing, and HEPA filters. Liquid waste in-
The process systems required to support the dispagitdes wash water from container decontamination, spent
tion process include the cold chemical makeup systerpsmp oils, and TCA cleaning solvent. The wastes are sent
process gas supply systems, feed and product storage ®ythie waste handling building for treatment.
tems, and material control and accountability system:
4.2 DRILLING FACILITY

_ 4.2.1 RUNCTION
* Cold Chemical Storage and Makeup Systeor:ce-

ment, cement additives, etc. storage. Storage capac- The process flow diagram for drilling is given in Fig-
ity of 3lthonths for storage tanks or silos and one dgys 4.2 1-1 together with the waste treatment process flow
for makeup tanks. diagram for the Drilling Facility. The operations involved

» Gas Supply Systerfor glovebox gas in the Processn drilling are the preparation of the drilling mud with ap-
Waste Management Facility, 3[lhonths storagaopriate additives and maintaining the mud column at the
capacity. proper density, pumping water out when needed to con-

«  Material Control and Accountability Systes:ma- tro.I water inflovx_/ from conductiv_e aquifers and fractures,
terial control and accountability system with nondésSNg mud _addltlves an_d p'“gg'“g back these features to
structive assay and computer systems is required f.&ntrol Fhe |anows,_ and mstallmg s_teel casing and cement-
plutonium material control and accountabilit))ng _behlnd the casings as the dr!lllng progresses. The rock
(MC&A). The system includes bar code readerg,umngs may be leftin the mud p|ts rather than being tra_ns—
scales, nondestructive assay devices, tamper-indit%‘?—rted to another Iocat|on_ for d|sposal as may be required
ing item inventory devices, and computers. MC&AY state and local regulations. It is customary to leave the

is applied to every process transfer point that involv@gttings in the qu pitand to cover the mud pit with soil
plutonium material. Also, a SNM physical inventor)fouov"Ing completion of the drilling process.
is performed every 6[thonths in accordance with DOE

»  Storage VaultsFor ceramic aggregate shipping co
tainer storage, 3[honths storage capacity.

Order 5630.2. The borehole will be drilled using technology that has
been used extensively in the petroleum industry. The drill-
4.1.7 Waste Generated ing system consists of a drill rig (or derrick), which is used
to lower and raise the drill pipe and the drill bit in the
4.1.7.1 Emissions and Effluents borehole, and the associated drilling mud- and fluids-han-

dling support facilities. A motorized winch called the draw
Under normal operating conditions, no radioactivitworks provides the lifting power of the derrick. The
will be released to the atmosphere during inspection dillstring (a series of connected pipe sections) permits the
the transportation containers. If any ceramic pellets trentrol of the drill bit itself. A mud mixture containing
are delivered are damaged, small amounts of plutoniuwater, compressed air, and possibly bentonite is pumped
containing ceramic dust could escape during the inspétdo the borehole to bring up to the surface the material
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Figure 4.2.1-1. Drilling Process Flow Diagram.

that has been drilled from the borehole. The drilling myabrt of mobilized plutonium to the biosphere. Because this
is sent into a shale shaker to allow the solids to settle asta key factor that would affect the performance of the
The mud is then filtered to remove the fine particles andi®ep Borehole Disposal Facility, it is essential that a high-
returned to the pumping system. When drilling holes gliality cementing job be performed under a strict quality
large size, it is more appropriate to use what is referredassurance program that employs borehole logging tools
as dual string drilling. In this configuration, two drill pipedor verification. Second, it prevents ground water from
are used, one inside the other. The drilling fluid flows intaquifers in the upper portion of the hole from entering the
the hole through the outer pipe in the annulus, and therehole and flooding it. Third, at greater depth it will
cuttings flow through the center pipe up to the top of thpevent brines from entering the borehole during drilling.
borehole. Holes larger than about 0.66 m (26[ih.) diafReurth, it prevents collapse of the borehole in the upper
eter are generally drilled in this manner. This is done tegions of the borehole where more unstable soils and un-
reduce the amount of drilling fluid that is required. Theonsolidated rocks are usually found. Lastly, it permits
most important component in the drill rig is the drill bitthe sealing of fractures in the rock formations that inter-
which consists of rolling cones with cutters distributed aect the borehole. The casing and cementing process flow
their surfaces. The cutters are typically made from hamiagram is shown in Figure 4.2.1-3.
ened steel or tungsten carbide. Diamond bits could also be
used. In this case, industrial diamonds are impregnated At specific locations in the borehole, the hole will be
into the drilling surface of the bit. under-reamed (i.e., undercut) to a diameter larger than that
of the basic hole. Special cutting tools exist for drilling
Large diameter boreholes are usually drilled with thend enlarging the hole diameter to provide a seat for seals/
borehole diameter decreasing with depth in a stepwise fagligs at various depths. The seals and plugs are required
ion as shown in Figure 4.2.1-2. The process starts witloaprevent the vertical migration of fluids; they will be
relatively large diameter drill bit, which is used to drilinstalled in the emplacement zone during emplacement of
down to some desired depth. A metal liner (or casing) tithe ceramic pellet—grout mix and in the isolation zone dur-
has an outside diameter smaller than the borehole is tivenclosure of the borehole.
inserted into the borehole. A cement slurry is then pumped
at high pressure in the annulus between the casing and theThe drilling operation has been examined by drilling
rock formation. Casing the borehole and cementing bex¢perts from Reynolds Electric and Engineering Co., Inc.
hind it serves several purposes. First, it seals the void spd@®EECO) for purposes of determining the data required
between the casing and the borehole wall and eliminates this report; their detailed analysis can be found in
this pathway for convective fluid circulation and transRussell (1994). They estimated that the time required to
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IMMOBILIZED DISPOSAL OF COATED Pu-LOADED CERAMIC PELLET-GROUT MIX
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Figure 4.2.1-2. Borehole Configuration Geometry for Immobilized Disposal of Coated Ceramic Pellets in Grout.
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Figure 4.2.1-3. Casing and Cementing Process Flow Diagram.

drill a single borehole of the diameter and depth consigtaled-up version of a high-capacity petroleum industry
ered here is from 10 to 11 months using two 12-hr shiftgldll rig.
day by rotating three crews.
4.2.2 Feeds

Other borehole size and configuration scenarios might
be desirable for this application. For example, depending Very large quantities of materials such as drilling
upon the particular geology at the selected site, a largends, grouts, casing, and chemical additives will be re-
number of deeper boreholes of smaller diameter may dpgired for operating the Drilling Facilities. These are de-
optimal from the standpoint of drilling efficiency. On thescribed below.
other hand, where the geology permits, shallower bore-
holes of larger diameter may be optimal from the stand- The drilling process requires the circulating water and
point of emplacement volumetric efficiency and may rekilling muds to be periodically replaced by fresh mud,
duce the total number of holes required to emplace a fixe@dter, and chemicals. The chemicals include polymers,
amount of plutonium. However, the feasibility and advaisoaps, and pH-control additives.
tages of these different alternatives will depend upon their
impact on the upstream processes (such as disposal form The process of plugging back conductive aquifer zones
transportation, processing, and packaging) and must evalne sealing fractures and the near-borehole damage zone
ated from a systems viewpoint. requires specially formulated APl (American Petroleum

Institute)—grade grouts and grout additives as feed materi-

A substantial development effort to design the dridlls. The exact composition of the drilling mud cannot be
rigs, handling equipment, and high-strength steel casidgtermined until a site has been selected and the geology
will be required. The drill rig design is most likely to be &as been identified to some degree.
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The process of casing the borehole in the upper 2 Krne primary effluents from drilling are the overflow of
isolation zone and cementing behind the casings to plugny water from the mud ponds and the briny water that
the voids between the casing and the borehole requinesuld be pumped out from the well from conductive fea-
specially formulated grouts and steel casing pipes of vatires in the rock. These wastewaters are treated as described
ous diameters and wall thicknesses. in Section 4.2.7.2.

4.2.3 Products 4.2.7.2 Solid and LiquidWastes

There are no products in this operation. Wastes gen- The solid rock cuttings brought out of the borehole
erated by the process are identified in Section(4.2.7. by the drilling mud settles out in the drilling mud pit. For
a telescoping borehole with a 1.83-m-diam (72-in.) hole

4.2.4 Utilities Required drilled to 24.7 m (81 ft), a 1.32-m-diam (52-in.) hole to
2 km (6,560 ft), a 0.91-m-diam (36-in.) hole to 3 km

A diesel generator will provide operating power t¢9,840 ft), and a 0.66-m-diam (26-in.) hole drilled to 4 km
each drilling rig. A backup diesel generator is also pr¢t3,120 ft), the volume of rock removed from a single bore-

vided for each drilling rig. hole would be about 3,340%The cuttings volume, how-
ever, would be as much as 1.5 times this volume because
4.2.5 Chemicals Required of bulking. These cuttings would contain some of the drill-

ing mud additives and the briny water at depth. The exact

The primary process materials required for the drillnakeup of the additives will not be known until the geol-
ing process are those required to prepare the drilling mody of the site has been ascertained and an appropriate
No treatment of the small amounts of briny water in thlaud program developed. However, they will be selected
borehole will be required. It will be contained by the sedrom approved standard stock items in the petroleum in-
ing process by in situ solidification of the grout pumpedustry. A common drilling practice is to leave the cuttings
into the borehole and will be incorporated into the cementthe mud pit, which is covered with soil at the comple-
during its hydration and solidification. Additional groutgion of drilling operations. Should future or local regula-
are required for sealing the soil and rock formations atidns require other disposal methods, the pits can be lined
cementing behind the casing. and the cuttings removed for alternative disposal.

4.2.6 Special Requirements Wastewater generated by the drilling process is tested
and then treated as needed by allowing the water to evapo-
4.2.6.1 Monitoring for Naturally Occurring  rate and burying the residual solids in the mud pits. There
Radiation is no expectation that the water from the drilling mud will
require any treatment.
Drilling operations have a small potential for releas-
ing naturally occurring radiation into the atmosphere whefe 3 EMPLACING —BOREHOLE SEALING
it might affect workers. Therefore, monitoring at the top FaciLity
of the borehole and bottom of the drill string for alpha,
beta, and gamma radiation during drilling operations wi.3.1 Function
be required.
The flow diagram for the Emplacing—Borehole Seal-
4.2.6.2 Monitoring for Hydrogen Sulfide ing process is given in Figure 4.3.1-1. The pellets are trans-
ported by truck from the Surface Processing Facility to
A potential exists for hydrogen sulfide to be releasdde emplacement facility. The emplacement/cementing
from the rock formations during drilling. Thus, there wilfacility is located at a borehole that has been drilled and
need to be monitoring at the borehole to ensure the safedged after aquifer, fracture, and near-borehole damage

of the workers. zones in the upper 2 km sealing zone have been sealed.
Also, as a part of drilling the borehole, fractures and near-

4.2.7 Waste Generated borehole damage zones in the lower 2 km emplacement
zone will be sealed. The feasibility of sealing these fea-

4.2.7.1 Emissions and Effluents tures in the host rock in a large-diameter uncased bore-

hole using, for example, multiple inflatable packers set at
With the exception of engine exhaust fumes and dudgpth and injecting between them must be evaluated in
there are no atmospheric emissions in the drilling procest field.
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Figure 4.3.1-1. Pellet—Grout Mix Emplacement Process Flow Diagram.

The cementing trucks mix and deliver the grout slurmix at the top of the borehole. Figure 4.3.1-3 shows the
to the ceramic pellet—grout mix preparation building. THaucket delivering its pellet—grout load at the emplacement
pellets are metered into the grout and further mixed pridepth.
to emplacement in the borehole by the bucket or pipe de-
livery methods. Two processes are being considered for The bucket is made up of 6.1-m-long (20-ft) casing-
the delivery of the ceramic pellet—-grout mix to the entike sections of pipe that are threaded together section-by-
placement depth of the borehole: (1) emplacement &gction to a full length of 152 m (500 ft) while being held
bucket and hoist and (2) emplacement by pumping théhin the borehole at the entrance to the borehole. The
pellet—grout mix down a delivery pipe. These two prdsucket is lowered to emplacement depth using a pipe string
cesses and the associated equipment are described bedog.a crane hoist. A transition section exists at the top of

the bucket to allow connection of the bucket to the pipe
The Bucket Emplacement Process string. The bucket has a remotely controlled release valve
at its bottom for releasing the pellet—grout mix at the em-

The bucket emplacement process consists of fillingoéacement location. A column of water and/or air pressure
0.41-m (16-in.) outside diameterIb2-m-long (500-ft) will be used to eject the slurry from the bucket. A piston-
pipe “bucket” with the pellet—grout mix at the surfacdike wiper, which will be retained inside of the bucket,
delivering the load to the emplacement depth within theéll be employed to prevent the column of water from
borehole, and releasing it at a controlled rate while withtixing with the cement. The bucket will need to be checked
drawing the bucket upwards. Figure 4.3.1-2 shows tfe contamination due to pellet breakage and may be de-
manner in which the bucket is filled with the pellet—growtontaminated before reuse.
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Figure 4.3.1-2. Bucket Emplacement Method—Bucket Filling Process.
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The bucket receives its pellet—grout load from theatch of slurry will be in the form of a slug of finite length
mixer located within the containment building. The mixepushed from behind by a piston-like ceramic wiper at its
which has a rotating type concrete mixer section, mixgailing edge and prevented from breaking up at its lead-
the slurry to reduce voids and air pockets between the pet edge by a similar ceramic wiper. The primary func-
lets. The mix is poured into a hopper and is subsequertttn of the wipers is to prevent breakup of the slug into
driven under air pressure into the bucket through an amall sections and falling down the delivery pipe and to
ticulated delivery pipe in batches. Only a 6.1-m ( 20-fhrovide a stable surface for the driving pressure to act on.
section of the bucket will be filled at one time to minimiz&he mix will be pushed out of the mixer and into the pipe
the likelihood of damaging the pellets as they enter thsing the water and/or air pressure, and the ceramic wip-
bucket. The delivery pipe will be raised as the bucketéss will be introduced ahead of and behind the slug at the
filled to facilitate the process. outlet port of the mixer. The mixing of the slurry and the

delivery into the pipe will be performed within the con-

It is estimated that a completely filled bucket woulthinment building, which will completely cover the en-
be about 113,400 kg. The time required to lower the buckegtnce to the borehole. A remotely controlled release valve
to a 4-km depth will be about 8[fr, which requires the uaéthe bottom of the delivery pipe at emplacement depth
of appropriate chemical additives to prevent setting of théll be used to control the rate at which the slug moves
grout within the bucket. Halliburton Services of Duncamown the borehole and ejects out into the borehole. The
OK, a major supplier of oil well cements and equipmerteramic wipers will be allowed to eject into the borehole
can produce a blend of additives and grout that will haaed will be emplaced with the pellet—-grout mix as shown
the required delay in setup time. During emplacement byFigure 4.3.1-5. The wipers will be made with ceramic
the bucket method, the emplacement facility would haweaterial similar to that of the pellets so as to maintain the
to operate in 12-hr shifts. It is expected that this would bbBemistry in the emplacement zone unaltered and to en-
necessary about once per month, or a total of 120imssgre compatibility with the emplaced material. As it is re-
during the ten-year operational period of the Facility. leased into the borehole, the pellet—grout mix will be com-

pacted using a vibratory compactor attached to the bottom

This emplacement method will adopt operational pref the bucket, below the release valve. This is shown in
cedures similar to those used by LLNL during nucle&igure 4.3.1-6. The length of each slug that is pumped
device emplacement operations at the Nevada Test Sitevithbe adjusted to fit the optimal batch size although it is
which canisters are lowered into boreholes on well-casipgssible to simultaneously move several slugs down the
pipe strings. The process involves the use of a cranaledivery pipe. Currently, the batch size is assumed to be
subbase, and casing pipe. When the crane is not suppbbft of 1% Pu-loaded ceramic pellets (i.e., 100[Rg of Pu)
ing the emplacement string, the subbase structure supporised with 10 t of non-Pu-loaded ceramic pellets and
the load. A heavy lift subbase exists in the DOE invento8y8 t of grout. This represents a total ceramic pellet—-grout
with a rated capacity of 635,000 kg of load. The subbaseéx volume of 8.46 rhand a slug length of 464[m within
is a custom-built welded steel structure [6.% 4b.2 mx  the 15.2-cm-diam (6-in.) delivery pipe. At this slug length,
6.1 m tall (20[@k150{fX 20[ft)] designed for emplace-125[Slugs would be required to emplace 12.5[{of Pu in the
ment operations in underground nuclear testing. Nucleanplacement zone of one borehole.

Explosive Safety rules in DOE 5610.11 govern the opera-

tions associated with the emplacement of a nuclear de- In this delivery method, it is possible to isolate the
vices in borehole for testing. These safety rules also pgases in emplacement section of the borehole by using
vide an excellent basis for establishing safety factotsjo inflatable packers mounted on two independently
specifying equipment requirements, and controllingiovable concentric pipes as shown in Figure 4.3.1-4. This
operations associated with bucket emplacement of the Bwlates any emissions from broken Pu-loaded pellets from

loaded ceramic pellet—grout mix within boreholes. the upper regions of the borehole that may be in commu-
nication with the biosphere. The lower packer is mounted
Pumped Emplacement Process on the delivery pipe while the upper packer is mounted on

a larger pipe that is concentric with the delivery pipe. By

The pumped emplacement method provides aiternately deflating, inflating, and moving these two pack-
alternative to the bucket emplacement of the ceranacs, as indicated in the ceramic pellet—grout mix delivery
pellet—grout mix. In this method batches of ceramic pealnd relocation cycle shown in Figure 4.3.1-5, it is pos-
let—grout mix are pumped down a 15.2-cm-diam (6-insjble to “walk” the outlet section of the delivery pipe up
delivery pipe under water and/or air pressure, as indicated borehole without exposing the upper region of the
in Figure 4.3.1-4. This technique is preferred to directlyorehole to contamination. During delivery, the delivery
pumping the pellet—grout mix using a conventional copipe is raised in small steps by the crane. The air displaced
crete pump to avoid breaking pellets during pumping. The
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Figure 4.3.1-4. Pumped Emplacement Method—Delivery Process.
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Figure 4.3.1-6. Pumped Emplacement Method—Vibratory Compaction of Mix.
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Figure 4.3.1-7. Cementing/Sealing Process Flow Diagram.

by emplacement and the pumped-out vent air flows through The casing, cementing, and borehole sealing process
the annulus between the two pipes to the surface andasv diagram is given in Figure 4.3.1-7. Periodically, when
filtered by two-stage HEPA filters within the containmendne or more batches have been pumped, a hydraulic and
building prior to release to the atmosphere. The packém@nsport seal, manufactured from special materials, is in-
minimize the potential for radioactive material contamstalled. When the entire 2-km emplacement zone is filled
nation of the open isolation zone and the containment builid-this way, a long hydraulic and transport seal is installed
ing and supplement isolation provided by the containmeattthe top of the emplacement zone. Next the borehole is
building. However, all workers entering the containmefitled with concrete with periodic hydraulic and transport
building will be required to wear SCBA systems and praeals, and a dual-purpose security and anti-water infiltra-
tective suits. When emplacement is completed, the t®n cap is installed at the entrance to the borehole at ground
moved sections of delivery pipe will be checked for raditevel.
activity and decontaminated as needed.
4.3.2 Feeds

This method of delivering the pellet—grout mix to the
emplacement zone does not require a very large crane, Pu-loaded ceramic pellets and the non-Pu-loaded ce-
grouts with long setting times, the handling of a largeamic pellets, approximately 2.54 cm (1 in.) in diameter,
heavy bucket with the attendant safety risks, and the varng the primary feeds to the Emplacing—Borehole Sealing
long trip times that make bucket emplacement a slow pixocess. The Pu-loaded ceramic pellets are delivered in
cess. Itis a very simple technique that strongly resembiemnsportation containers and are inspected and stored in
cementing jobs in the oil and gas industry. Howevdhe Receiving and Processing Building. In addition, a feed
pumped delivery does not offer the degree of positive catream of cement and additives will be required for
trol over the pellet emplacement provided by the buckiestalling the plugs/seals. The exact makeup of these ce-
delivery method. ment mixtures will be determined to satisfy the perfor-

mance requirements for the cement in the borehole envi-

The equipment in the Ceramic Pellet-Grout Mixonment.
Preparation Building will require periodic decontamina-
tion. Potentially contaminated water, cement, and equi$-3.3 Products
ment from the Ceramic Pellet-Grout Mix Preparation
Facility will be sent to the Process Waste Management There are no products in this operation. Wastes gen-
Building in the Emplacing—Borehole Sealing Facility. erated by the process are identified in Section[4.3.7.
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4.3.4 Utilities Required 4.4 \WWasTE MANAGEMENT FACILITY

Process water, compressed air, and electrical powed.1 Waste Management Systems
facilities would be supplied to the Emplacing—Borehole
Sealing Facility for use in the ceramic pellet-granite ag- The waste management of the borehole facility in-
gregate grout mix preparation and the sealant preparaticdndes waste handling and treatment operations for pro-
cessing the transuranic (TRU) waste, low-level waste
4.3.5 Chemicals Required (LLW), hazardous mixed waste (MW), and industrial waste
in aqueous, organic liquid, or solid form generated from
The primary process materials required for ththe borehole disposition operations or from site activities.
Emplacing—Borehole Sealing process are those requifidte waste management is in accordance with DOE Order
to prepare the emplaced ceramic pellet—grout mix and 6®20.2A and Resource Conservation and Recovery Act
borehole sealants. These include chemical additives s@RCRA). Transuranic (TRU) waste generated from bore-
as water reducers, superplasticizers, silica fume, fly abloJe operations is based on disposal to the Waste Isolation
extenders, and swelling additives. Cement grout and &lot Plant (WIPP) in accordance with WIPP Waste Ac-
ment additives are mixed with the ceramic pellets to foroeptance Criteria. The waste management process flow

a ceramic pellet—grout slurry. diagram is shown in Figure 4.4.1-1.
4.3.6 Special Requirements 4.4.1.1 Waste Treatment and Storage
Systems

A material control and accountability system with
nondestructive assay and computer systems is required for The radioactive wastes are processed in a process
plutonium material control and accountability (MC&A). waste handling facility in the Emplacing—Borehole Seal-
ing Facility. The waste treatment process includes assay

4.3.7 Waste Generated examination, sorting, separation, concentration, size re-
duction, special treatment, and thermal treatment. The
4.3.7.1 Emissions and Effluents wastes are converted to water meeting effluent standards,

grouted cement, or compacted solid waste as final form

The primary atmospheric emissions produced by thpsoducts for disposal. Solid TRU wastes are packaged,
process are the dusts raised by the handling of solid assayed, and certified prior to shipping to the WIPP for
ment, sand, aggregate, silica fume, fly ash etc. during flermanent emplacement. Low-level solid wastes are sur-
preparation of the concretes and sealants. In addition, eeyed and shipped to a shallow land burial site for dis-
hausts will be produced from the diesel engines of thesal. A small quantity of solid mixed waste are packaged

power generation sets. and shipped to a DOE waste treatment facility pending
future processing. The waste treatment processing also

4.3.7.2 Solid and LiquidWastes performs equipment and waste container decontamination
operations.

The primary wastes produced by this process are the
uncontaminated solid waste cement, sand, aggregates,4H1.2 Utility Wastewater Treatment
decontaminating water. The solid wastes will be disposed
of at a landfill. Utility Waste Treatment treats wastewater generated
from utility operations. This wastewater consists of cool-
Contaminated waste water may be generated by equiyg tower blowdown and boiler blowdown. Utility Waste-
ment cleaning operations and pumping out of excess brimater Treatment consists of reverse osmosis followed by
collected within the borehole. The contaminated wasteaporation and spray drying. Reclaimed water produced
waters will be sampled for radioactivity and brine chemis used as makeup to the cooling water tower. A dry resi-
cal composition. The sample is first tested for radioactidue is disposed of as solid industrial waste.
ity from any damaged ceramic pellets and, if not contami-
nated, is returned to the mud pits. If the water #.4.1.3 Process Wastewater Management
contaminated, then it is routed to the Process Wastewater
Management Facility. Process Waste management facility contains equip-
ment and processes for the treatment of conventional,
hazardous, radioactive, and mixed liquid wastes. In addi-
tion to the process equipment, ancillary facilities are pro-
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vided such as the electrical room, control room, procas® cooling tower. Sludge generated by Sanitary Waste-
laboratory and changehouse/boundary control station, meter Treatment is dewatered and shipped to an on-site
chanical (HVAC) room, lunch/break room, and officesanitary/industrial landfill. The treatment system consists
The facilities are designed to the requirements of a maxf-primary, secondary, and tertiary treatment with disin-
erate-hazard facility, as defined by UCRL-15910 (DOHEectant. Necessary controls will be implemented so that
STD-1020-92) and DOE order 6430.1A. radionuclides will not be present in sanitary wastewater.

Process Waste Management treats wastewater that.i4.1.5 Waste Heat Management
generated by the Surface Processing Facility and Pellet—
Grout Mix Preparation Sub-Facility processes as well as Waste heat generated from process water cooling and
the Emplacing—Borehole Sealing Facility processeldVAC chiller systems is dissipated to environment by a
Wastewater originating in the borehole array area dsoling tower system located in the Support Utilities Area.
pumped through underground pipes to the Process Waste
Treatment facility. Such wastewater is expected to prind-4.1.6 Storm Water Management
rily consist of mopwaters and cleaning solutions, sealants
and additives, drilling mud additives, grout additives, and Storm Water Management impounds all storm water
machine coolant wastes. runoff from the facility and includes retention facilities
and monitoring equipment. Discharged water can be used
A substantial amount of wastewater will be geneas cooling tower makeup or discharged to natural drain-
ated by the drilling facility as overflow water from drill-age. If the storm water were to become contaminated, the
ing mud settlement ponds. Also, water pumped out frastorm water would be treated before discharge.
the borehole during drilling, emplacing, and sealing op-
erations requires treatment. Treatment processes areda#.2 Waste Management Feeds
ranged so that cross-contamination of radioactive, hazard-
ous, and conventional wastes will not occur. Provisions Radioactive contaminated feeds arise from cleaning
will be made to obtain samples of wastewater for analysisincoming ceramic pellet containers, process wash lig-
prior to treatment. uids, and excess water being output from the borehole.
Additional contaminated and uncontaminated waste pro-
Support facilities include a chemicals storage rooness feeds arise from sealant residues, contaminated re-
and mixing area located outside any radiation control @gent containers, deformed shipping containers, wipes,
eas. A control room, laboratory, offices, lunch/break roomags, paper clothing, TCA cleaning solvent, and spent pump
lavatories, electrical service room, and mechanical serviiés are solid and liquid feeds. Feeds from drilling include
room will be provided. Boundary controls must be impldsriny water and solid rock cuttings. Feeds from emplace-
mented, as needed, to isolate activities that take placenient and borehole sealing include unconsumed solid waste
radiation control zones. cement, sand, and aggregates that contain chemicals used
with concrete and sealants, and possibly contaminated
Effluent from Process Waste Treatment is designatedstewater.
as reclaimed water recycle and is used as makeup water to
the cooling tower. 4.4.3 Waste Management Function
Products
4.4.1.4 Sanitary Wastewater Treatment
Waste management function products may include
Sanitary Waste Treatment is designed to handiertified TRU or LLW or MW. Domestic sanitary waste
37,850 L/day of plant sanitary sewage and includes til be processed into liquids for sewage treatment and
collection piping system from all plant facilities. Hazardsolids for sanitary landfills.
ous chemicals, process waters, and contaminated streams
will be kept out of the system. Wastewater from wash sé-4.4 Waste Management Functon Special
tions is collected in tanks and sampled for contamination Requirements
before release to Sanitary Waste Treatment. If any streams
are found to be contaminated, the wastewater is discharged The waste treatment processes requires decontami-
to Process Wastewater Treatment. The treated wastenating solutions for the decontamination process. An esti-
ter effluent from Sanitary Waste Treatment is designatethated 7,030 kg of decontaminating detergent will be
as reclaimed water recycle and is used as makeup wateetpuired.
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5. RESOURCE NEEDS

5.1 MaTeriALS /RESOURCES CONSUMED 5.1.2 Water Balance

DuriNG OPERATION
The raw water requirement for the Deep Borehole

5.1.1 Utilities Consumed Disposal Facility is about 138 million liters per year (Dry
Site), of which 87.1 million liters is consumed by the main
5.1.1.1 Surface Processing Facility facility area and 50.7 million liters per year is consumed

by the Drilling and Emplacing—Borehole Sealing Facili-
The estimated annual utility requirements for operées in the borehole array area. The Raw Water Subsystem
tion of the Surface Processing Facilities are shown in Tableludes production wells, supply pumps, and transfer pip-
5.1.1.1-1. ing to the Facility Water Subsystem. Figure 5.1.2-1 shows
the Annual Water Balance (Dry Site) for the Facility. There
5.1.1.2 Drilling and Emplacing—Borehole will be no significant difference in the raw water require-
Sealing ment between dry and wet sites. The main difference be-
tween dry and wet sites on the water supply system will
The utilities required by the drilling, emplacementbe will be (1)fhe source of raw water will be a river or
sealing operations are summarized in Table3.1.1Thd. lake for a wet site and water wells for a dry site, (2)ihe
values represent the average annual expected consumpsimmm water impounding ponds and drains will be smaller

Table5.1.1.1-1. Utilities Consumed by the Surface Processing Facility
During the Operation Period.

Annual Average
Utility Consumption Peak Demand(®
Electricity 5,800 MWh 2 MW
Diesel Fuel 16,280 L N/A
Natural Gas 4,810,000 m3 (2) N/A
Raw Water (Dry Site) 87,100,000 L N/A
Raw Water (Wet Site) 87,100,000 L N/A

(1) Peak demand is the maximum rate expected during any hour.
(9 standard cubic meters measured at 1.034 kg/cm? (14.7 psia) and 15.6°C (60°F).

Table5.1.1.2-1. Utilities Consumed by the Drilling and Emplacing-Borehole
Sealing Facilities During the Operation Period.

Annual Average
Utility Consumption Peak Demand®
Electricity 300 MWh 0.3 MW
Gasoline and Diesel Fuel 757,000 L 750 L
Natural Gas om3 @ N/A
Raw Water (Dry Site) 50,700,000 L N/A
Raw Water (Wet Site) 50,700,000 L N/A

(1) Peak demand is the maximum rate expected during any hour.
(9 standard cubic meters measured at 1.034 kg/cm? (14.7 psia) and 15.6°C (60°F).
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Table5.1.3.1-1. Annual Chemicalsor Materials Consumed
by the Surface Processing Facility During Operation.

Nonradiological Material Quantity
Solids
Filler Ceramic Pellets 500t
Cement 210t
Cement Additives 10t
Decon detergent 5,440 kg
Non-ionic polymer 136 kg
(water trestment)
Phosphates/Phosphonates 907 kg
(water treatment)
Liquids
Deionized Water (for 94,630 L
ceramic pellet—grout mix)
Gases
Nitrogen gas 500 cylinders

for a dry site, (3){the evaporation and groundwater seép.4 Radiological Materials Required
age losses from retention ponds will be higher for a dry

site, and (4)the cooling water tower system will have to  There are no radioactive material requirements ex-

be larger for a dry site. cept the 50 t of plutonium in the 5,000 t of 1% Pu-loaded
) ceramic pellet feed material over the 10-yr period of op-

5.1.3 Chemicals Consumed eration of the Deep Borehole Disposal Facility.

5.1.3.1 Surface Processing Facility 5.2 MATERIALS /RESOURCES CONSUMED

DuriNG CONSTRUCTION
The estimated annual material consumptions during

the operation period of the Surface Processing Faciliti§s2.1  Utilities
are listed in Table 5.1.3.1-1.

. . The estimated total energy resources and water con-
5.1.3.2 Drilling and Emplacing—Borehole sumption requirements during construction of the bore-
Sealing hole surface facilities are shown in Table 5.2.1-1.

The materials required for the drilling and emplacés 2.2 Nonradiological Materials
ment—sealing operations is listed in Table 5.1.3.2-1. The
table lists the requirements for the entire project, not an- The estimated quantity of materials required for con-

nual usage. The steel will be used for the borehole casigguction of the borehole surface facilities is shown in Table
The bentonite will be used in the cements and in the dri§2 2-1.

ing fluids. The sodium citrate and silica flour will be used

in the cement mixes. The polymers will be used in t/2 .3 |Land use

drilling mud and the cement mixes. Some of the polymers

and bentonite will become waste from the drilling pro-  The Deep Borehole Disposal Facility requires approxi-
cess. The water will be used for drilling fluid (mud) anehately 4 hectares (10 acres) of land for construction lay-

for producing the cements. The air will be used by cordown and warehousing and 2.4 hectares (6 acres) for con-
pressors for the drilling process. struction parking.
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Table5.1.3.2-1. Nonradiological Materials Consumed
by the Drilling and Emplacing-Bor ehole Sealing Facility
During the Operation Period.

Nonradiological Material Quantity

Solids

API ClassD, G, and F 34,000,000 kg

Cements

Steel (Casing) 9,070,000 kg

Bentonite 907,000 kg

Sodium Citrate 340,000 kg

Silica Flour 340,000 kg

Polymers 340,000 kg
Liquids

Water (for mud and cement, 41,600,000 L

included in raw water total in

Table5.1.1.2-1)

Decon Detergent 7,030 kg

Table5.2.1-1. Utilities Consumed During the Construction Period.

Page 5-4

Utility Total Consumption Peak Demand(@
Electricity 1,700 MWh 0.8 MW
Diesal Fuel 3,407,000 L N/A

Gasoline 2,271,000 L N/A
Propane 340,700 L N/A
Raw Water 41,630,000 L N/A

() Peak demand is the maximum rate expected during any hour.

Table5.2.2-1. Materials Consumed During

the Construction Period.

Material Total Quantity
Concrete 25,000 m3
Steel 5,800t
Copper 85t
Lumber 1,400 m3
Asphalt 3,700t
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6. EMPLOYMENT NEEDS

Manpower and staffing requirements for constructiooperate and maintain the Deep Borehole Disposal Facil-
and operation of the Deep Borehole Disposal Facility atg. Accordingly, 60% of facility personnel would be clas-

estimated in the following subsections. sified as “radiological occupational workers” at risk for
radiological exposure. The radiological impact on aver-
6.1 BvpLoyMENT NEEDS DURING age workers attributed to the disposal operation is less than
OPERATION 13 mrem/yr,based on a pwious borehole nuclear waste

disposal study.
The estimated staffing requirements for operation of
the De@ Borehole Disposal &cility are shavn in Table 6.3 BvPLoYMENT NEEDS DURING

6.1-1. A 10-yr emplacement operation is assumed. CONSTRUCTION
6.2 BADGED EMPLOYEES AT RISk OF Table 6.3-1 gives the estimated field labor force sched-
RabioLocicaL EXPOSURE ule for construction of the Deep Borehole Disposal Facil-

ity. A 3-yr construction schedule is assumed.
Approximately 60% of the personnel listed in Table
6.1-1 would routinely work inside the radiological area to

Table 6.1-1. Employment During Operation.

Labor Category Number of Employees
Officials and Managers 21
Professionals 31
Technicians 55
Office and Clerica 4
Craft Workers 42
Operators 85
Laborers 2
Service Workers 40
TOTAL EMPLOYEES 280

Table 6.3-1. Number of Construction Employees Needed by Year.

Employees Year 1 Year 2 Year 3
Total Craft Workers 260 723 405
Construction Management 30 85 45
and Support Staff
Total Employees 290 810 450
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7. WASTES AND EMISSIONS FROM THE DEEP BOREHOLE
DISPOSAL FACILITY

Wastes and emissions as described in the PEIS mfait.1 Emissions
not correlate exactly to those in this report because of dif-

fering categorizations. Estimated annual quantities of air pollutant emissions
from operation of the Deep Borehole Disposal Facility are
7.1 WasTES AND EMissions DURING shown in Tables[7.1.1-1 and 7.1.1-2. The emissions are
OPERATION based on the annual fuel and gas consumption estimated

in Tables3.1.1.1-1 and 5.1.1.1-2.
The annual wastes and emissions released during op-
eration of the Deep Borehole Disposal Facility are esti- Chemical processes that may lead to the release of
mated in the following subsections. A 10-yr emplacemeabntaminant over time are unlikely in the abbreviated times
operation schedule is assumed. associated with unloading of Pu-loaded ceramic pellets,

Table 7.1.1-1. Chemical Emissions Generated by the Surface
Processing Facility During the Operation Period.

Annual Emissions

Chemical (kg)

Criteria Pollutants

Sulfur Oxides 77

Nitrogen Oxides 953

Particulates 8,620

CO 345

Hydrocarbons 86
Other Chemicals

Volatile Organic Compounds trace

Water Vapor (cooling tower) 40,824,000

Table 7.1.1-2. Chemical Emissions Generated by the Drilling
and Emplacing-Borehole Sealing Facility During
the Operation Period.

Annual Emissions

Chemical (kg)

Criteria Pollutants

Sulfur Oxides 2,720

Nitrogen Oxides 30,390

Particulates 2,720

CO 10,890

Hydrocarbons 2,720
Other Chemicals

None
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‘Table 7.1.1-3. Radiological Emissions Generated by the Surface
Processing Facility During the Operation Period.

Radioactive Annual Emissions
Element (nCi)

Atmospheric Emissions

Pu total 15

Other Actinides (Am-241) 0.3
Liquid Effluents

Pu total 25

Other Actinides (Am-241) 5

ceramic pellet—grout mix manufacture; emplacement; aratlioactivity release factor from a previous design report

backfill and stemming barrier processes. Wet air produciOE/ET-0028) for plutonium storage facility, which has

from the borehole during emplacement operation will hery similar operational characteristics to the Deep Bore-

filtered, scrubbed, and vented to the atmosphere. The sdmoke Disposal Facility.

water will first be treated to precipitate radioactive mate-

rial and will then be released to the environment. The pré-1.2 Solid and Liquid Wastes

cipitate will be collected and will be disposed of as LLW

at an off-site facility. The type and quantity of solid and liquid wastes ex-

pected to be generated from operation of the Deep Bore-

Estimated radiological release to environment duririgple Disposal Facility and the final waste products after

operation of the Deep Borehole Disposal Facility is shovireatment are shown in Tables 7.1.2-1 and 7.1.2-2. The

in Table 7.1.1-3. The estimated release is based on Waste generations are based on factors from historic data

total curie inventory of radionuclides stored and processed building size, utility requirements, and facility work

annually in the Deep Borehole Disposal Facility with thiorce estimated in Table 6.1-1.

Table 7.1.2-1. Annual Spent Fuel and Waste Volumes During Operation
of Surface Facilities.

Generated Quantities Post-Treated
Category Solid (m3) | Liquid (L) | Solid (m3) | Liquid (L)

Spent Fuel 0 0 0 0
High-Level Waste (HLW) 0 0 0 0
Transuranic Waste (TRU) 0.46 454 0.46 0
Low-Level Waste (LLW) 6.1 3,030 5.0 0
Mixed Transuranic Waste 0.12 0 0.12 0
Mixed Low-Level Waste 0 0 0 0
Hazardous Waste 14.5 2,270 145 2,270
Nonhazardous (Sanitary) Wastes

Dry Site 291 9,463,000 291 9,463,000
Wet Site 291 9,463,000 291 9,463,000
Nonhazardous (Other) Wastes

Dry Site 0 6,060,000 0 6,060,000
Wet Site 0 6,060,000 0 6,060,000
Recyclable Wastes 0 0 0 0
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Table 7.1.2-2. Solid and Liquid Wastes Generated by the Drilling and
Emplacing-Borehole Sealing Facilities During the Operation Period.

Annual Quantities
Category Solid Liquid
Hazardous Wastes
Decon Water 69,600 L
Oil/Antifreeze/Hydraulics 69,600 L
Rags, etc. 1,090 kg
Nonhazardous Sanitary Wastes Section 7.1.2.7 | Section 7.1.2.7
Nonhazardous Wastes
Rock Cuttings from Boreholes 1,220 m3
Bentonite 31,750 kg
Polymers 6,800 kg
7.1.2.1 High-Level Wastes 7.1.2.5 Mixed Lov-Level Wastes

There is no high-level radioactive waste generated Mixed wastes generated from the Deep Borehole Dis-
from operation of the Deep Borehole Disposal Facility.posal Facility with radioactivity level below transuranic
level (100 nCi/g) will be classified as mixed low-level
7.1.2.2 Transuranic Wastes wastes and will be treated in the same manner as the mixed
transuranic wastes described in Section 7.1.2.4.
Transuranic wastes will be generated from process
and facility operations, equipment decontamination, failefl1.2.6 Hazardous Wastes
equipment, and used tools. Transuranic wastes are treated
on-site in a waste handling facility to form grout or com- Hazardous wastes will be generated from chemical
pact solid waste. Treated transuranic waste products mr@keup and reagents for support activities and lubricant
packaged, assayed, and certified prior to shipping to tiee drilling and emplacement machinery. Hazardous wastes

Waste Isolation Pilot Plant (WIPP) for disposal. will be managed and hauled to commercial waste facility
offsite for treatment and disposal according to EPA RCRA
7.1.2.3 Low-Level Wastes guidelines.

Low-level wastes generated from operations of the1.2.7 Nonhazardous (Sanitary) Wastes
Deep Borehole Disposal Facility are treated with sorting,
separation, concentration, and size reduction processes. Non-hazardous sanitary liquid wastes generated in the
Final low-level waste products are converted to solid forrdgep Borehole Disposal Facility are transferred to an on-
surveyed for radioactivity, and shipped to a shallow larsite sanitary waste system for treatment. Non-hazardous
burial site for disposal. solid wastes, such as domestic trash and office waste, are
hauled to offsite municipal sanitary landfill for disposal.
7.1.2.4 Mixed Transuranic Wastes
7.1.2.8 Nonhazardous (Other) Wastes
A small quantity of solid mixed waste, mainly rubber
gloves and leaded box-gloves in the waste handling facil- Other nonhazardous liquid wastes generated from fa-
ity, will be generated from operation of the Deep Boreilities support operations (e.g., cooling tower and evapo-
hole Disposal Facility. The mixed waste is packaged arator condensate) are collected in catch tank and sampled
shipped to another DOE waste management facility (e lgefore reclamation for other recycle use or release to the
INEL at Idaho) for temporary storage pending final treagénvironment.
ment and disposal.
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Table 7.2.1-1. Emissions During the Peak Construction Year.

Total Emissions
Chemical (kg)

Criteria Pollutants

Sulfur Oxides 7,940

Nitrogen Oxides 97,500

Particul ates (dust) 658,000

CO 635,000

Hydrocarbons 7,940
Other Chemicals

Volatile Organic Compounds trace

Table7.2.2-1. Total Solid and Liquid Wastes Gener ated
During Construction.

Waste Category Quantity

Hazar dous Solids 73 m3
Hazardous Liquids 11,360 L
Nonhazar dous Solids

Concrete 382m3

Steel 163t

Sanitary 918 m3

Other 84 m3
Nonhazardous Liquids

Sanitary 32,170,000 L

Other 5,300,000 L

The combined waste from the drilling, emplacemeiatre given in the following sections. A 3-yr construction
operations is summarized in Table 7.1.2-2. The waste cenhedule is assumed.
sists of rock cuttings, bentonite, and polymers used dur-
ing drilling. These wastes will all end up in the mud pits/.2.1 Emissions
It is customary within the drilling industry to leave all of
these wastes in the mud pits rather than ship them off site. Estimated emissions from construction activities of
After drilling is complete, the pits are generally filled uphe Deep Borehole Disposal Facility during the peak con-
with earth and leveled. There is expected to be no trestruction year are shown in Table[7.2.1-1. The emissions
ment of these wastes unless testing indicates otherwi® based on the construction land disturbance and vehicle
The rock cuttings are shown in the table only as a volurmaffic (for dust particulate pollutant) and the fuel and gas
since the rock will vary in density. consumption (for chemical pollutants) estimated in

Tables[3.2.1-1 and 5.2.2-1. The peak construction year is
7.2 \WASTES AND EMISsIONS GENERATED based on a construction schedule as the labor force distri-
DurING CONSTRUCTION bution shown in Table.3-1.

The estimated wastes and emissions generated dur-
ing construction of the Deep Borehole Disposal Facility
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7.2.2 Solid and Liquid Wastes 7.2.2.2 Hazardous Wastes

Estimated total quantity of solid and liquid wastes Hazardous wastes generated from construction activi-
generated from activities associated with construction tiés, such as motor oil, lubricant, and drilling fluid from
the Deep Borehole Disposal Facility is shown imehicles and drilling machinery, will be managed and
Table[7.2.2-1. The waste generations are based on fachasled to commercial waste facility offsite for treatment
from historic data on construction area size and constracd disposal according to EPA RCRA guidelines.
tion labor force estimated in Table 6.3-1. Solid wastes gen-
erated during the construction period are hauled offsife2.2.3 Nonhazardous Wastes
for disposal.

Solid nonhazardous wastes generated from construc-
7.2.2.1 Radioactive Wastes tion activities (e.g., construction debris and rock cuttings),
are to be disposed of in a sanitary landfill. Liquid nonhaz-

There are no radioactive wastes generated during cardous wastes are either treated with a portable sanitary treat-
struction of the Deep Borehole Disposal Facility. ment system or hauled off-site for treatment and disposal.
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8. DESIGN PROCESS FOR ACCIDENT MITIGATION

PurPOSE ScoPe

The Deep Borehole Disposal Facility for disposing The risk assessment must show that the facility will
of the excess weapons-usable fissile materials (approsatisfy all appropriate ES&H safety requirements and na-
mately 50 t) is a Hazard Category 1 facility as defined fional and international regulations for each of two opera-
DOE-STD-1027-92. As such, it will require a detailetional phases: (1) Pre-Closure Construction, Operating, and
Safety Analysis Report (SAR) and Risk Assessment uBlosure Period (assumed to be about 10[yr in duration)
der DOE Order 5480.23 before the facility is licensed fand (2) Post-Closure Performance Period, which extends
operation. In the PEIS phase, an accident analysis and fiskn the time the borehole is sealed and plugged to an
assessment must be performed to provide a broad evaindefinite, geologically long time. A full-fledged risk as-
tion of potential accidents, and the basic design and m#essment, covering both the Pre-Closure and the Post-Clo-
gative features must be incorporated into the facility sure phases of facility construction, operation, closure, and
reduce the impact of the accidents. This requires a qualdst-closure performance, cannot be performed in the cur-
tative evaluation of the risk of facility operation to publicent pre—conceptual stage of facility design because of the
health and safety, including the magnitude of releaselatk of site characteristics data, detailed facility systems
plutonium outside the facility due to the postulated boundata, the required resources, and time for performing the
ing accidents. The frequency or probability of the acanalyses. Therefore, it is assumed that only a qualitative
dents or events is also estimated qualitatively with a quaisk assessment of limited scope will be performed on the
titative frequency range assigned to each qualitative fleasis of the following assumptions and data provided in
guency class. This approach is an approved methodoldlig report:
that complies with DOE-STD-3009-94, the guidance docu-
ment for DOE Order 5480.23. This guidance documebt Risk assessment is limited to the Pre-Closure Phase
provides prescriptive methods for hazard analysis and ac- of the facility and will not address its Post-Closure

cident analysis for the Safety Analysis Report for facili- Phase performance. The Post-Closure phase requires
ties of Hazard Categories 1, 2, and 3 based on a gradedlong-term performance analyses that require a pro-
approach. gram of research to develop the necessary informa-

tion. Therefore, this analysis is deferred to a future

According to DOE-STD-3009-94, Chapter 3, a haz- study. The quantitative full-scope risk assessment us-
ard analysis is required to be performed as a prerequisite ing system models for the Pre-Closure phase will be
to a quantitative accident analysis that forms a part of the performed along with the SAR preparation stage in
SAR. This accident analysis is performed to provide guid- the development and design of the facility.
ance for the design of the structures, systems, and compo-
nents (SSCs) that are classified as Safety Related an@orBounding accident scenarios are classified into
Safety Significant. The accident analysis is performed at Design Basis Accidents and Beyond Design Basis
two levels. The first analysis level consists of determinis- Accidents.
tic analyses for sizing and designing the structures, sys-
tems, and components for safe operation. The secéd The frequency of each accident scenario will be based
analysis level consists of a probabilistic assessment for on engineering judgment because the design or site
estimating the overall risk of facility operation to workers  characteristics of the facility are not developed well
and the public. This Probabilistic Risk Assessment (PRA) enough to justify use of rigorous risk analysis techniques.
supplements the deterministic analysis of the first level to
provide insight into the hidden vulnerabilities in the det. Accident frequencies will be assigned qualitative lev-
sign and operation of the facility. The PRA is performed els of the annual probability of occurrence according
at different levels of detail depending on the regulatory to DOE-STD-3009-94:
compliance requirements and to support facility life-cycle
management decisions. The risk assessment for regula- Anticipated (161> p > 16
tory compliance is performed to determine the risk posed  Unlikely (102> p > 10%)
by facility operation to workers and the public and to en- Extremely Unlikely (164> p > 109)
sure that DOE safety goals are met by satisfying the evalu-  Beyond Extremely Unlikely (I > p).
ation guidelines of DOE-STD-3005-94 (DRAFT).

January 15, 1996



Deep Borehole PEIS Data Input Report Page 8-2
for Immobilized Disposal, V 3.0

5. An estimate of the amount of each hazardous matkesign of the facility structures, systems, and components
rial at risk in an accident. will be based on this acceleration level for the Design Basis
Earthquake (DBE) and will follow the design criteria of
6. An estimate of the fraction of each hazardous mateOE-STD-1020-94 for Performance Category PC-3 (see
rial at risk that becomes airborne in respirable forndefinition in DOE order 5480-28). From Table 2-1 of DOE-
STD-1020-94, for Performance Category PC-3, the seis-
7. An estimate of the fraction of each respirable airbormgic hazard exceedance level i8 50 with a return pe-
hazardous material in each accident that is remowviéed of 2,000[yr for sites distant from tectonic plate bound-
by the ventilation system filters. aries. The preferred site, as recommended in the generic

site description, is in an extremely stable tectonic region
8.1 OPERATIONAL AND DESIGN BASIS, AND  gistant from tectonic plate boundaries. Therefore, the use

Bevonp DEesiGN Basis BOUNDING of the UBC seismic zone g level for the DBE, and de-
ACCIDENTS sign criteria from DOE-STD-1020-94 for design of the
. . . SSCs, are justified. The risk due to this earthquake hazard
8.11 Operatlonal and Design Basis will be negligible. The effect of an earthquake on the sur-
Accidents face facilities will be more pronounced than that on the

. . . . __emplacement region of the deep borehole if no active faults
In this Section, the different categories of Operationg e present near the emplacement region. The absence of

and Design _Ba_15|s Acmde_nts are fII‘S.t Qescr|beq. Each aCftfive faults is an important site selection criterion for the
dent scenario is then defined in sufficient detail to devele)téep Borehole Disposal Facility

the basis for estimating the accident frequency and the re-
lease rates for the hazardous .mate.rlals. The mformat\mnd/-romado Hazard
for these scenarios is summarized in Table 8.1.1.32-1 in

Section 8.1.1.32. The generic site description for the facility location
The major categories of accidents in this class &SUmes a windy location, with winter blizzards and spring

defined according to DOE-STD-3009-94, Section 3.4.22nd summer tornadoes. Chapter 3 (p.(3-1) of DOE-STD-
1020-94 states that “wind speeds associated with straight

«  Category 1Natural Phenomena Events/Accidents fofinds typically are greater than tornado winds at annual
the site (e.g., earthquakes, wind/tornadoes, ﬂoodsfxceedance probabilities greater than approximately 100
10-4.” Tornado design criteria are specified only for SSCs

«  Category 2External Man-Made Accidents (e.g., air-in Performance Cat_ggories 3 and higher, where hazard
). exceedance probabilities are less thanl0F2. In deter-
mining wind design criteria for Performance Categories 3
«  Category 3 Internal Operational or Process—ReIateanq higher, tr_]e first st_ep is to determ?n_e if tornadoes should
Accidents (e.g., fires, explosions, spills, criticalitP® included in the criteria. The decision can be made on
events). the basis of geographical location, using historical tornado
occurrence records. Because the facility design will have

These accidents are analyzed to evaluate the capailfollow DOE-STD-1020-94, Chapter 3 for Wind/Tor-
ity of the facility structures, systems, and components #@do design with appropriate missile criteria for Perfor-

limit the risk to the public to within the acceptable limitshance Categories 3 given in Table 3-1 of the standard, it
proposed in the evaluation guidelines. is expected that the consequence due to wind hazard will

be insignificant. It is also assumed that adequate adminis-
Category 1: Natural Phenomena Events/ trative control will be established for severe blizzard con-

craft crashes, nearby industrial facility accidents

Accidents ditions by a sitewide warning and response plan. There-
fore, high wind and blizzard conditions are screened out
Earthquake Hazard because the consequences are negligible. Site-specific

guantitative probabilistic wind hazard analysis will be per-

The generic site description for the deep borehole f@rmed only when a particular site (instead of a generic
cility recommends the selection of a U.S. site in a regisiie) is selected.
of high tectonic and seismic stability (e.g., a site where
there are no recorded earthquakes with a Mercalli intdntood Hazard
sity of over V). Using this guideline, the site is likely to be
chosen in the Seismic Zone 1 according to the Uniform The generic site description recommends that, for the
Building Code (UBC). This zone has a maximum accedlimination of the flood hazard, the site should be selected
eration of 0.075 g (See Figure 23-2 of UBC-1991). The
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to lie above the flood plain of the worst 50 to 1000yr floodis assumed that ceramic pellet contains 0.1% of the pluto-
in the historical record for the region. According to DOERium at risk becomes airborne in respirable form. The
STD-1020-94, Chapter 4 (p 4-11) the flood design critergrouting vessel processes an assumed 5kg of plutonium
for SSCs of Performance Category 3 are that “the SSCs#r batch. Therefore, at most 5[Kg of Pu are at risk as a
this category should be located above flood levels whosesult of the earthquake. This material is released to ven-
mean annual probability of exceedance is*18cluding tilation Zone2 area. Assuming a two stage HEPA filter
the event combinations shown in Table 4-2” of the stamystem, the fraction of particles released penetrating the
dard. When the specific site is selected the design critefilier would be 168, Therefore 163 of the plutonium at
established in this standard should be used for the facilitgk would reach the environment as respirable particles.
design. Therefore, it is assumed that the consequence due
to the design basis flood hazard at the facility is negligiblditigation features:The deep borehole disposition facil-
ity will be sited at a geologic location with low seismic-
Category 2: External Man-Made ity. Process equipment will be bolted or tied down to re-
Accidents duce earthquake damage. Activity released is removed
from the air stream by HEPA filters.
External events that originate outside the facility (e.g.,
aircraft crash, nearby industrial facility accident, etc.) a@.1.1.2 Tornado (Category 1)
site specific and are not considered at the pre—conceptual
design phase and/or the PEIS preparation phase becauseThe design basis tornado (DBT) for the Deep Bore-
no site has been selected. However, as in the case of natile Disposal Facility will be chosen in accordance with
ral phenomena, the facility SSCs must be designed to with©E-STD-1020-94. Safety class systems, structures, and
stand the hazards due to the dominant external events stmtmponents (SSCs) are designed to withstand the DBT
as the ones mentioned above. Therefore, it is assumedrinl DBT-generated tornado missiles. Tornadoes exceed-
this evaluation that the consequences due to these exigg-the magnitude of the DBT are “extremely unlikely”

nal events are negligible. accidents as defined in DOE-STD-3009-94. Tornadoes of
sufficient energy to cause the failure of safety class SSCs

Category[3: Internal Operational or are considered “extremely unlikely” events. Given these
Process-Related Accidents SSCs, it is reasonable to assume that it is “extremely un-

likely” (as defined in DOE-STD-3009-94) that a tornado
Accidents in this category are due to process malfungeuld cause a release of radioactive material at the Deep

tions, equipment failures, human errors, etc. AccidentsBorehole Disposal Facility.
this category are usually unrelated to Category 1 and Cat-
egory 2 events, but they may be initiated by precurshfitigation features: Tornado dampers will be installed
events belonging to these two categories. in the pellet—grout mix processing and plutonium storage

buildings.
8.1.1.1 Earthquake (Category 1)

8.1.1.3 Flood (Category 1)

The design basis earthquake (DBE) for the Deep Bore-

hole Disposal Facility will be chosen in accordance with  Flooding is of particular concern at plutonium pro-
DOE-STD-1020-94. Safety class systems, structures, atebsing facilities because of the potential for nuclear criti-
components (SSCs) are designed to withstand the DRIality accidents. As described in the generic site descrip-
Earthquakes exceeding the magnitude of the DBE are “éion, the Deep Borehole Disposal Facility site will be se-
tremely unlikely” accidents as defined in DOE-STD-3009ected to lie outside the 100r flood plain in the region
94. Earthquakes of sufficient magnitude that could causelected for the facility; this is consistent with the site de-
the failure of safety class SSCs are considered “extremebyiption given in Section[3. Furthermore, the Deep Bore-
unlikely” events. Given the safety class items assumed fusle Disposal Facility will be designed to preclude flood-
the deep borehole disposition facility, an earthquake wolitth of areas that store and process plutonium. Safety class
not directly cause a release of radioactive material ngystems, structures, and components (SSCs) are designed
would it cause a criticality accident. It is postulated, howe withstand the DBF. Floods exceeding the magnitude of
ever, that the bounding scenarios in the event of an eattie DBF are extremely unlikely accidents. Given these
guake would rupture ceramic pellet grouting vessel al®ECs, it is reasonable to assume that it is “extremely un-
lines. The ventilation removes Pu-containing particulatiely” (as defined in DOE-STD-3009-94) for a flood to
from the grouting area. The particulate pass through a filause a release of radioactive material or an accidental
tration system and are then released to the environmentriticality event at the Deep Borehole Disposal Facility.
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Mitigation features: The plutonium storage and pellet+educe the likelihood of this kind of accident. Radioactive
grout mix processing buildings will be constructed aboveaterials released are removed from the air stream by
flood line to preclude flooding in plutonium storage anHEPA filters.
process area.
8.1.1.6 On-Site Pellet Transporter Accident
8.1.1.4 Ceramic Pellet Storage Container (Category 3)
Breakage (Category 3)
It is postulated that an accident could occur during

It is postulated that a container breakage could ocdbe transportation of pellets from the surface storage facil-
in ceramic pellet storage. A ceramic pellet container digy to the pellet—grout mix preparation facility. In this pos-
velops leakage during storage. Respirable fines of ceramilated accident, a transport package containing a pellet
are released to the storage area and are collected bycth#®ainer is dropped from the transporter. The force of the
ventilation system. The airborne fines pass through ttieop fractures the ceramic pellets and punctures the con-
ventilation system filters and are released to the envirdainer but does not rupture the package. A pellet container
ment. A pellet container contains an assumed 5Kg of ptentains an assumed 5[Kg of plutonium. Therefore, at most
tonium. Therefore, at most 5[Rg of plutonium is at risk iflkg of plutonium are at risk in this scenario. The ceramic
this scenario. It is assumed that the ceramic pellets céines are contained within the transportation package.
tain 0.1% fractured pellets and, based on Walker (198There is no release of radioactivity in this scenario. Based
0.01% of the Pu at risk becomes airborne as respirable SAND80-1721, the likelihood of a truck accident in-
fines. This release is to the Zone 1 ventilation area. Aslving severe impacts is 1361075 per truck kilometer.
suming a three stage HEPA filter systent;81df the air- This is judged to be an “unlikely” accident.
borne material will penetrate the filtration system. There-
fore, 10-15 of the material at risk will reach the environMitigation features: Shipping package will be designed
ment. This is judged to be an “unlikely” accident. with double container for transportation accidents.

Mitigation features:Low seal stress is maintained in thé.1.1.7 Grouting Process Enclosure Fire
storage container to minimize the occurrence of breakage. (Category 3)
Ventilation system is isolated and monitored for plutonium
contamination. Activity released is removed from the air It is postulated that an accident could occur in all sur-
stream by HEPA filters. face process operations. The bounding scenarios involve
an unimpeded fire that begins in the process area that
8.1.1.5 Ceramic Pellet Container Breach houses the grouting vessel. The fire breaches a vessel en-
(Category 3) closure that contains Pu-loaded ceramic pellets. The ven-
tilation removes plutonium containing particulates from
It is postulated that a container breach could occurtime area. The particulates pass through a filtration system
the ceramic pellet container handling operations. A coand are then released to the environment. The grouting
tainer is punctured during handling. The ceramic pelletsssel processes an assumed 5kg of plutonium per batch.
spill from the punctured container. Respirable fines of c€herefore, at most 5kg of plutonium is at risk in this sce-
ramic are released to the process area and collected byntiré. It is assumed that ceramic pellets contain 0.1% frac-
ventilation system. The airborne fines pass through theed pellets and, based on Walker (1981), that 0.01% of
ventilation system filters and are released to the envirahe fractured pellets become airborne in respirable form.
ment. A pellet container contains an assumed 5[kg of plthis material is released to ventilation Zonel2 area. As-
tonium. Therefore, at most 5[kRg of plutonium is at risk isuming a two stage HEPA filter system, the fraction of
this scenario. It is assumed that ceramic pellet contaperticles released penetrating the filter would be®10
0.1% fractured pellets and, based on Walker (1981), 0.0T¥erefore, 1613 of the plutonium at risk would reach the
of the fractured ceramic becomes airborne as respirablevironment as respirable particles. This is judged to be
fines. This release is to the Zonell ventilation area. A “extremely unlikely” accident.
suming a three stage HEPA filter system;2®mf the
material at risk will reach the environment. This is judgdditigation features:Facility design will include fire sup-
to be an “unlikely” accident. pression system and fire isolation barriers in the process
areas. Minimum quantity of combustible material in the
Mitigation features:The container will be designed to surprocess areas will be maintained by administrative con-
vive accidents. Administrative procedure controls will beols. Activity released is removed from the air stream by
established for extremely careful container handling HEPA filters.
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8.1.1.8 Ceramic Pellet Feed Bin Spill 8.1.1.10 Failue ofVentilation Blower
(Category 3) (Category 3)

It is postulated that a spill could occur in grouting The plutonium process in the deep borehole disposi-
processes at the surface. The bounding scenarios invalea facility incorporates a redundant ventilation system
a ceramic pellet overflow that spills 0.5[Kg of Pu (10% @fs required to cope with a loss of ventilation blower. There-
the assumed vessel contents) onto the floor from a grdiote, a temporary loss of ventilation blower will not di-
ing feed bin. The spill spreads out in a safe geometry amdtly result in a release of radioactivity. This is judged to
is cleaned up within 2[fr. Some of the spilled material ble an “anticipated” accident.
comes airborne as respirable particles. There is little or no
entrainment from the spill because of quick corrective alghtigation features:Procedural and control interlocks will
tion. It is assumed that ceramic pellets contain 0.1% frde implemented to prevent this accident. The floor and
tured pellets and, based on Walker (1981), no more thaall in the grout mixing process area will be lined with
0.01% of the spilled material becomes airborne as a restainless steel for ease of decontamination and leak proof-
rable aerosol. This material is released to ventilation Zoimg. Activity released is removed from the air stream by
1 area. Assuming a three stage HEPA systen$ dfthe HEPA filters.
airborne material is released to the environment. There-
fore, no more than £M0-1°of the material at risk reaches8.1.1.11 Loss of Of-Site Electrical Power
the environment. This is judged to be an “unlikely” (Category 3)
accident.

The deep borehole disposition facility incorporates an

Mitigation features: Process areas with high potential oEmergency power source for safety-critical systems as re-
spill will be plated with stainless steel for ease of decoquired to cope with a complete loss of off-site power.
tamination and leak-proofing. Activity released is removetherefore, a loss of off-site power will not directly result
from the air stream by HEPA filters. in a release of radioactivity. This is judged to be an “an-

ticipated” accident.
8.1.1.9 Grout Mix Spill (Category 3)

Mitigation features:Facility will be designed with emer-

It is postulated that a spill could occur in a grout loadiency diesel generators and an uninterruptible power sys-
ing process at the surface. The bounding scenario involtesn (UPS) for safety critical system controls and
the grouting vessel or bucket overflowing and spilling grooperations.
containing 0.5[Rg of plutonium (10% of the assumed ves-
sel contents) onto the floor from the vessel or transfer li@&1.1.12 Bucket Emplacement: Dropped
The spill spreads out in a safe geometry and the spill is Emplacement Bucket (Category 3)
cleaned up within 2[Hr. Some of the spilled material con-
verts to an aerosol and becomes airborne as respirable par-Analysis of the operational procedures indicates that
ticles. There is little or no entrainment from the spill bex failure of a mechanical system on the crane or an opera-
cause of the quick response time. Based on NUREG-13&,error could cause the bucket to fall to the bottom of the
approximately 0.0006% of the Pu in spilled grout becombsrehole during emplacement. A free fall will be prevented
airborne as a respirable aerosol. This material is releabgdpeed-limiting devices or by methods yet to be designed.
to ventilation Zonell area. Assuming a three stage HERAe likelihood of this type of accident is deemed to be
system, 168 of the airborne material is released to th&extremely unlikely.” The severity of the accident is not
environment. Therefore, 6014 of the material at risk significant with respect to criticality. However, potentially
reaches the environment. This is judged to be an “antibecause a ruptured bucket could release substantial quan-
pated” accident. tities of ceramic pellet dust from damaged (broken or

cracked) pellets into the unsealed borehole. The impact is
Mitigation features:Procedural and control interlocks willlikely to be fairly localized onsite with minimal impacts
be implemented to prevent this accident. Floor and walltim offsite areas due to the presence of the containment
the grout mixing process area will be lined with stainlegsliilding over the borehole. The response to the accident
steel for ease of decontamination and leak-proofing. Aosuld be to cement the ruptured bucket in place at bore-
tivity released is removed from the air stream by HEP#ole bottom, assuming that the release valve has been dam-
filters. aged, so as to prevent the spread of material from the

borehole.
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The source Pu at risk in this accident scenario is ater casing run in 914-m (3,000-ft) sections. Since the
proximately 834[Kg, the total Pu contained in one buckd2-m (500-ft) buckets are much shorter than the above
It is assumed that as a result of the bucket being droppeadings, they anticipate no difficulty with buckets becom-
that 10% of the pellets will fracture releasing all of the Hog stuck in the borehole during emplacement.
that they contain into their surroundings. The pellets will
be wet due to the presence of the cement slurry, which After the borehole has been drilled, there are addi-
will keep the airborne release to & 805 fraction of the tional measures that can be taken to further reduce the prob-
released material. This is based upon data froMtietear ability that a bucket will become stuck during emplace-
Fuel Cyde Facility AccidentAnalysis HandboolNUREG- ment. First, hole logs will provide excellent data concern-
1320. The respirable fraction is thereforg &0-’. The ing the shape of the borehole and will indicate regions
containment building covering the borehole during enthat contain sharp changes in borehole trajectory. Second,
placement will further contain the particles. The two stagemandrel or “dummy” bucket can be run into the hole to
HEPA filters used by the containment building will proeheck for tight spots. This will provide a clear indication
vide an additional I reduction in the number of air-of any future problems with the real emplacements. Third,
borne particles released into the atmosphere bringing t®uld data from the well logs or the mandrel runs indi-
final release fraction to 81013 This is judged to be ancate that the buckets may not pass through the borehole
“anticipated” accident. properly, an underreaming tool could be used to enlarge

the hole. Fourth, the crane operator can closely monitor

8.1.1.13 Bucket Emplacement: Bucket Stuckthe load on the crane hook for signs that the bucket is rub-
in Isolation Zone (Category 3) bing on the borehole wall and prevent uncontrolled de-

scent of the bucket. All of these precautions will be taken

It is possible for a bucket to become stuck in the bor®-reduce the possibility of a bucket becoming stuck in the
hole during emplacement at a point other than its schémrehole to an extremely low probability.
uled location in the emplacement zone. The most likely
scenario involves the bucket getting stuck against the bore- Given these measures, it is “extremely unlikely” that
hole wall due to contact with the wall on opposite sides thfe bucket will become stuck in the isolation zone. If, how-
the borehole. This is more likely to occur where the direever, a bucket were to become completely stuck in the
tion of the borehole changes appreciably. On the othisolation zone, it would have to be broken up and allowed
hand, in straight but tilted borehole sections, a bucket widl fall to the bottom of the borehole, or it could be ce-
simply slide along one side of the borehole without beiented in place if it were deemed to be deep enough to
coming stuck. In the drilling industry the degree of cunachieve isolation. It is “beyond extremely unlikely” that a
ing of the borehole is measured in degrees of changebircket would rupture as a result of becoming stuck in the
borehole direction per 30.5 m (1000t) of borehole. THaorehole. It is therefore assumed that no release of Pu
10-meter horizontal deviation in the KTB borehole atwould occur. The concern is that in the post-closure phase,
depth of 4 km provides an indication of the amount d¢iie disposed material could more easily reach the bio-
deviation that can be expected when drilling a deep bosphereThe severity of this is difficult to estimate, and fur-
hole. In addition, at a depth of about 6 km the drillers eter study is required. With a large void space below the
countered a hard formation below a softer one that caubedket to be filled and sealed, there is an increased probabil-
the drill bit to deviate from the direction of drilling in theity that small void spaces will remain below the bucket fol-
softer formation. Consequently, the path of the borehdtaving cementing operations. They would not be expected
spiraled as it penetrated deeper into the hard formatiornio be large enough to have any impact on criticality.

If care is taken to drill the first part of the borehol8.1.1.14 Bucket Emplacement: Bucket Stuck
straight, there would be very little deviation of the bore- in Emplacement Zone (Category 3)
hole subsequently. When drilling a straight hole, the load
on the drill bit should be relatively low and the speed of As in the isolation zone, a possibility exists for a bucket
the bit should be relatively high. These combine to gite become stuck within the emplacement zone of the bore-
straighter hole drilled at a relatively low penetration ratbole above the intended pellet—grout mix release depth.
However, if there are hard sloping rock formations belolrom the discussion in Section 8.1.1.13 on the factors that
softer rock formations, there is really not a great deal thaifect the lodging of buckets in the borehole, the likeli-
can be done to prevent at least some deviation of the bdresed of a bucket becoming stuck is estimated to be “ex-
hole. In the judgment of REECO and RSN drilling engtremely unlikely.” As detailed in Section 8.1.1.13 on a
neers, a 0.66-m-diameter (26-in.) borehole can be cabedket becoming stuck in the isolation zone, extensive
without any difficulty with 0.51-m (20-in.) outside diam-measures will be taken to ensure that a bucket does not
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become stuck in the emplacement zone. The probabilitye of pellets. This is further assisted by the fact that the
of the bucket becoming stuck in the borehole empladed is immobilized in the ceramic matrix of the pellets.
ment zone above its intended release location is only mar-
ginally greater than the probability of becoming stuck in  The source Pu at risk in this accident scenario is ap-
the isolation zone due to the fact that the casing stoppaiximately 834[Kg, the total Pu contained in one bucket.
the top of the emplacement zone. The casing provides assumed that as a result of the premature release, 50%
added stability to the upper regions of the borehole. tff the pellets will fracture, releasing all of the Pu that they
despite the preventative measures, a bucket were to dmitain into their surroundings. They will not have the
come completely stuck above the emplacement pointpibtection provided by the bucket upon impact. The pel-
could be cemented in place as a last resort. In that caséetowill be wet due to the presence of the cement slurry,
release of Pu would occur. It is “beyond extremely umvhich will keep the airborne release to a 606 fraction
likely” that a bucket would rupture as a result of beconof the released material. This is based on data from the
ing stuck in the borehole. The large void space below tNedear Fuel Cyte Facility Accident Anajsis Handbook,
bucket would be filled and sealed. NUREG-1320.The respirable fraction is thereforex3[
106, The containment building covering the borehole
8.1.1.15 Bucket Emplacement: Failure to  during emplacement will further contain the particles. The
Open of Buket Pellet Release Valve two stage HEPA filters used by the containment building
(Category 3) will provide an additional 1t reduction in the number of
airborne particles released into the atmosphere bringing
The valve at the bottom of the bucket acts as the the final release fraction to>310-12
lease mechanism allowing the pellets and cement to flow
into the borehole after the bucket has reached its rele8s#.1.17 Bucket Emplacement: Pellet—Grout
depth. This valve is critical to the emplacement system Mix Solidifies in Bucket Before
since a failure to release the pellets may result in a bucket Release (Category 3)
becoming an emplacement canister. By the time the bucket
is raised to the top of the borehole, the cement probably In this scenario, the cement sets up in the bucket be-
will have set up in the bucket. One response is to empldoee it can be released into the bottom of the borehole.
the bucket and cement around it. The likelihood of thehis could be caused by errors in preparing the cement
valve failing is probably “extremely unlikely,” becausamix, such as the addition of too much retardants or water,
such a critical system would be tested often before usdlgat cause a reduction in set time. It is also possible that a
and, in addition, methods would be designed to separsignificant delay in lowering the bucket to the bottom could
the valve end of the bucket from the main bucket strucause the cement to set prior to release. The significance
ture. The immediate severity of the accident is nonexisgf this scenario is the same as that when a stuck release
ent, because no release of material will occur. There meaajve fails to open. The corrective response is either to
be some minor long term impacts caused by corrosiabandon the bucket and cement around it or to design for
products associated with buried parts of the bucket. the bucket to break away from and release the solidified
column. The likelihood of occurrence of this accident is
8.1.1.16 Bucket Emplacement: Premature “extremely unlikely.” The mix formulation will be care-
Opening of Bucket Pellet Release fully controlled to prevent the cement from adversely in-
Valve (Category 3) fluencing the fluid chemistry in the borehole. If the mix is
chosen to provide a very long set time that provides a sub-
If the valve at the bottom of the bucket were to opestantial difference between setup and the time to lower the
prematurely, the pellets and cement would free-fall tnucket, operational delays will be unlikely to cause this
the bottom of the borehole. This would almost certaingcenario to occur. The immediate severity of the accident
result in broken and fractured ceramic pellets. The resporsaonexistent, because no release of material will occur.
would be to pump cement in on top of the pellets to séidiere may be some minor long term impacts caused by
up the borehole. The likelihood of the valve failing is “exeorrosion products associated with the bucket.
tremely unlikely” as such a critical system would be tested
often before usage. The severity of breakage will be mi8:1.1.18 Bucket Emplacement: Pellet—-Grout
gated by the presence of water at the bottom of the bore- Mixing System Breaks Pellets
hole due to influx from the surrounding rock. The water (Category 3)
will reduce the impact, reduce the level of damage to the
pellets, and help to contain any Pu generated by the break- The pellets will have to be mixed with the cement
and then pushed under water, air pressure, or gravity into

January 15, 1996



Deep Borehole PEIS Data Input Report Page 8-8
for Immobilized Disposal, V 3.0

the bucket. The possibility exists for some of the pelletssarroundings. The pellets will be water wet due to the pres-
break or crack due to unforeseen events in the emplageee of the cement slurry. Based on data from NUREG-
ment process. The surfaces of the pellets will be wett&820, this will keep the airborne release toal6™® frac-
with cement, helping to limit the amount of the Pu frortion of the released material. Therefore, the respirable frac-
the pellets that becomes airborne. The contaminatiortian is 6 10-8. The containment building covering the
expected to be limited to the mixing system and the bucketrehole during emplacement will further contain the par-
used for emplacement. It is “extremely unlikely” that pelicles. The two stage HEPA filters used by the contain-
lets could be damaged since the process will be tested witént building will provide an additional 1®reduction in
unloaded pellets to prevent this type of accident. the number of airborne particles released into the atmo-
sphere, to yield a final release fraction of 6014
The source Pu at risk in this accident scenario is ap-
proximately 834[Rg, the total Pu contained in one buck&.1.1.20 Bucket Emplacement: Emplacement
Itis assumed that as a result of rough handling during mix- Facility Combustibles Fire
ing and delivery to the bucket that 1% of the pellets will (Category(3)
fracture, releasing all of the Pu they contain into the sur-
roundings. The pellets will be water wet due to the pres- Flammable products at the Emplacement and Sealing
ence of the cement slurry. Based on data from NUREEacility include engine oil and diesel fuel. These materi-
1320, this will limit the airborne release to a 60r6frac- als are associated with the generators needed for power on
tion of the released material. Therefore, the respirable frétte emplacement crane and/or the drill rig. A crane will
tion is 6X 108, The containment building covering thehave an engine to provide the lifting power needed. A large
borehole during emplacement is designed to contain dird in close proximity to a bucket could conceivably re-
limit the airborne particulate releases. The two stage HEBAIt in damage of the pellets in the uppermost portion of
filters used by the containment building will provide athe bucket. Recall that the bucket will be hanging in the
additional 16 reduction in the number of airborne parborehole while being filled with only its top exposed. This
ticles released into the atmosphere, bringing the final @muld result in a low-severity accident given that the Pu is
lease fraction to 81014 immobilized and its position below the ground surface,
which offers some fire protection. The likelihood of this
8.1.1.19 Bucket Emplacement: Pellets Breakaccident scenario is “extremely unlikely,” given that the
Upon Release (Category 3) generators and the crane engine will be located a consid-
erable distance [30.5 m (100 ft) or more] from the bucket.
Upon release, the pellet—grout mix will flow out intdNo release is expected given the level of protection pro-
the borehole. The weight of the column in the bucket anitled by the bucket and the containment building.
pressure that will be needed to push out the mix could
cause some of the pellets to break due to unforeseen vadid-.1.21 Bucket Emplacement: Emplacement
tions in the emplacement process. The severity of break- Facility Electrical Fire (Category 3)
age will be mitigated by the presence of water at the bot-
tom of the borehole due to influx from the surrounding The extensive use of electric motors to drive the ma-
rock. The water will reduce the impact, reduce the level jof mechanical systems of the emplacement facility, makes
damage to the pellets, and will help contain any Pu genigéreonceivable that an electrical fire could occur. These
ated by the breakage of pellets. This is further assistedmgtors will be located much closer to the bucket than to
the fact that the Pu is immobilized in the ceramic matrtke generators that power them. They could be as close as
of the pellets. The severity of such an accident is expec&€@5 m (10[) from a bucket being filled prior to emplace-
to be low since contamination is expected to be limited teent. For this reason, a fire sprinkler system will be em-
the borehole and the area just surrounding it given thaplayed to quickly suppress any electrical fires. It is “ex-
containment building covers the borehole. It is “unlikelytremely unlikely” that a fire associated with this equip-
that a significant number of pellets could be damaged sifment would occur. No release of Pu is expected because
the process will be tested with unloaded pellets to prevefitthe containment provided by the bucket. In addition,
this type of accident. the fire is expected to be small and brief.

The source Pu at risk in this accident scenario is &-1.1.22 Loss of Electrical Power
proximately 834[Kg, the total Pu contained in one bucket. (Category(3)
Itis assumed that as a result of rough handling during mix-
ing and delivery to the bucket that 1% of the pellets will The Emplacement and Sealing Facility employs both
fracture, releasing all of the Pu that they contain into thgjenerators and off-site electricity to power its systems.
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Critical systems, such as HEPA filtered ventilation, wilhlso possible that a significant delay in pumping the batch
be designed with emergency backup power suppliesuld cause the cement to set prior to release. The correc-
Therefore, a loss of electrical power will not result in tive response is either to abandon the pipe and cement
release of radioactivity. This scenario is deemed to be “@round it or to design for the pipe to break away from and
ticipated” given that it can be expected to occur at a nomelease the solidified column. It would be difficult to re-
nal frequency of about once per year. move the pipe from the borehole once the cement has set
up inside. The likelihood of this occurrence is “unlikely.”
8.1.1.23 Pumped Emplacement: Rupture of The mix formulation will be carefully controlled to pre-
the Delivery Pipe (Category 3) vent the cement from adversely influencing the fluid chem-
istry in the borehole. A very long set time may cause op-
If the delivery pipe were to rupture, the pellets anerational delays while a very short set time will cause this
cement would free-fall to the bottom of the borehole. Thégenario to occur. The immediate severity of the accident
would probably result in some broken and fractured cis-nonexistent, because no release of material will occur.
ramic pellets. The response would be to pump cementlinere may be some minor long term impacts caused by
on top of the pellets to seal up the borehole. The liketierrosion products associated with the delivery pipe. These
hood of the pipe rupturing is “extremely unlikely” as suchmpacts could be more significant if the batch sets up in
a critical system would be tested often before use. Ttie upper portion of the delivery pipe near the top of the
severity will be mitigated by the fact that the borehole wiiorehole. The concern is that post-closure, the disposed
be filled at the bottom with water due to influx from thenaterial could more easily reach the biosphere. The se-
surrounding rock. The water will reduce the impact, reerity of this is difficult to estimate and further study is
duce the level of damage to the pellets, and will help linmiéquired.
the amount of Pu that becomes airborne due to the break-
age of pellets. The pellets will also be wetted by the warl.1.25 Pumped Emplacement: Dropped

in the cement slurry. Also, immobilization of the Pu in the Delivery Pipe (Category 3)
ceramic matrix of the pellets will assist in limiting the
amount of Pu that becomes airborne. A failure of a mechanical system on the crane/drill

rig or an operator error could cause the delivery pipe to be
The source Pu at risk in this accident scenario dsopped to the bottom of the borehole during emplace-
100[kg, the total Pu contained in a single pumped batchmigént. A total free-fall is less likely to occur than a rapid
is assumed that a rupture is not discovered until an entiliescent into the borehole. The measures discussed previ-
batch had been pumped. Here 50% of the pellets will framisly for the case of a bucket being dropped are intended
ture, releasing all of the Pu they contain into the surrourtd-prevent such an accident from occurring. The likeli-
ings. It is also assumed that no protection is provided bgod of this type of accident is deemed to be “extremely
the ruptured pipe. The pellets will be wet due to the prasilikely.” The severity of the accident can be significant
ence of the cement slurry. Based on data from NUREGs a ruptured delivery pipe could release substantial quan-
1320, wetting of the slurry will limit the airborne releaséties of ceramic pellets that are damaged (broken or
to a 61076 fraction of the released material. The resperacked) into the unsealed borehole. The impact is likely
rable fraction is therefore:810-6. The containment build- to be fairly localized onsite with minimal impacts to offsite
ing covering the borehole during emplacement will fuareas due to the presence of the containment building over
ther contain the particles. The two stage HEPA filters ustitt borehole. One response to the accident would be to
by the containment building will provide an additionatement the dropped pipe in place, assuming that the re-
10-6reduction in the number of airborne particles releaskhse valve has been damaged, so as to prevent the spread
into the atmosphere to yield a final release fraction of material from the borehole. There may be some minor
3xM012 long term impacts caused by corrosion products associ-
ated with the pipe.
8.1.1.24 Pumped Emplacement: Pellet—-Grout
Mix Solidifies in Delivery Pipe The source Pu at risk in this accident scenario is
(Category 3) 100[Rg, the total Pu contained in a pumped batch. It is
assumed that as a result of the pipe being dropped 10% of
In this scenario, the cement batch sets up in the delilie pellets will fracture releasing all of the Pu they contain
ery pipe before it can be released completely into the bimtto the surroundings. The pellets will be wet due to the
tom of the borehole. This could be caused by errorsprnesence of the cement slurry. Based on the data in
preparing the cement mix, such as the addition too mudbREG-1320, the wetting will keep the airborne release
retardants or water, that cause a reduction in set time. toisa 6X1107-6 fraction of the released material. Therefore,
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the respirable fraction is»%0~’. The containment build- surroundings. The pellets will be wet due to the presence
ing covering the borehole during emplacement will fuef the cement slurry. Based on the data in NUREG-1320,
ther contain the particles. The two stage HEPA filters usaetting will limit the airborne release to a<6I0-5 frac-
by the containment building will provide an additionation of the released material. Therefore, the respirable frac-
10-6reduction in the number of airborne particles releasidn is 6X 10-8. The containment building covering the
into the atmosphere to yield a final release fraction bbrehole during emplacement is designed to contain and
6x1013 limit the airborne particulate releases. The two stage HEPA
filters used by the containment building will provide an
8.1.1.26 Pumped Emplacement: Delivery  additional 16 reduction in the number of airborne par-
Pipe Becomes Stuck in Borehole ticles released into the atmosphere, bringing the final re-
(Category(3) lease fraction to 810714,

The measures previously discussed for stuck buck®fl.1.28 Pumped Emplacement: Pellet—-Grout
can be applied to a stuck delivery pipe in pumped em- Mix Breaks Upon Release
placement. From these measures it is “beyond extremely (Category(3)
unlikely” that the delivery pipe will become stuck in the
borehole. The delivery pipe will be about 15.2 cm (6lh.) Upon release, the pellet—grout mix will flow out into
in diameter, and the borehole will be 0.66 m (261h.) itne borehole from the end of the delivery pipe. The weight
diameter in the lowest part of the borehole. If by sonaf the column in the pipe, and pressure that will likely be
unlikely event, a delivery were to become completely stuakeded to push out the mix, could cause some of the pel-
in the borehole and the cement were to set up insidelets to break due to unforeseen process variations. The
would have to be broken up by drilling and allowed to falmount of damage will be mitigated by the fact that the
into the bottom of the borehole, or it could be cementedborehole will be filled at the bottom with water due to
place if it were deemed to be deep enough to achieve isdlux from the surrounding rock. The water will reduce
lation. It is “beyond extremely unlikely” that a pipe wouldhe impact, reduce the level of damage to the pellets, and
rupture as a result from becoming stuck in the boreholeill help contain any Pu generated by the breakage of pel-
Therefore, it is assumed that no release of Pu would tets. This is further assisted by the fact that the Pu is im-
cur. The concern is that post-closure, the disposed matehbilized in the ceramic matrix of the pellets. The sever-
rial could more easily reach the biosphere. The severityityf of such an accident is expected to be low since con-
this is difficult to estimate, and further study is requiredamination is expected to be limited to the borehole and
There may be some minor long term impacts causedthg area just surrounding it given that a containment build-
corrosion products associated with the pipe. ing covers the borehole. It is “unlikely” that pellets could
be damaged because the process will be tested with un-
8.1.1.27 Pumped Emplacement: Pellet—Groulbaded pellets to prevent this type of accident.
Mixing System Breaks Pellets
(Category 3) The source Pu at risk in this accident scenario is
100[kg, the total Pu contained in a pumped batch. It is
The pellets will have to be mixed with the cemeragssumed that as a result of rough handling during mixing
and then pushed under water, air pressure, or gravity iatal delivery to the pipe that 1% of the pellets will frac-
the delivery pipe. This process could cause at least same, releasing all of the Pu that they contain into their
of the pellets to break or crack due to unforeseen evestsrroundings. The pellets will be wet due to the presence
The surfaces of the pellets will be wetted with cementdf the cement slurry. Based on data from NUREG-1320,
which will help to contain the Pu from the pellets. Ththis will keep the airborne release to a 60 fraction of
contamination is expected to be limited to the mixing syie released material. Therefore, the respirable fraction is
tem and the pipe used for delivery. It is “unlikely” that &% 10-8. The containment building covering the borehole
significant number of pellets could be damaged becawk&ing emplacement will further contain the particles. The
the process will be tested with unloaded pellets to prevéwb stage HEPA filters used by the containment building
this type of accident. will provide an additional 1% reduction in the number of
airborne patrticles released into the atmosphere, to yield a
The source Pu at risk in this accident scenario fisal release fraction of 8[10-14
100[kg, the total Pu contained in a pumped batch. It is
assumed that as a result of rough handling during mixing
and delivery to the pipe that 1% of the pellets will frac-
ture, releasing all of the Pu that they contain into their
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8.1.1.29 Pumped Emplacement: it conceivable that an electrical fire could occur. These
Emplacement Facility Combustibles motors will be located much closer to the delivery pipe
Fire (Category[3) than to the generators that power them. They could be as

close as 3.05 m (10 ft) from a pipe being filled during

Flammable products at the Emplacement and Sealieigplacement. For this reason, a fire sprinkler system will
Facility include engine oil and diesel fuel. These matelie employed to quickly suppress any electrical fires. It is
als are associated with the generators needed for powetextremely unlikely” that a fire associated with this equip-
the emplacement crane or drill rig. A crane will have anent would occur. No release of Pu is expected due to the
engine to provide the lifting power needed. A large fire icontainment that is provided by the delivery pipe. In addi-
close proximity the delivery pipe could result in damag@n, the fire is expected to be small and brief.
to the pellets in the uppermost portion of the pipe. Recall
that the pipe will be hanging in the borehole while beirf§.1.1.31 Pumped Emplacement: Loss of
filled with only its top exposed. This could result in a low Electrical Power (Category 3)
severity accident, given that the Pu is immobilized and its
position below the ground surface offers some fire protec- The Emplacement and Sealing Facility employs both
tion. The likelihood of this accident scenario is “extremelgenerators and off-site electricity to power its systems.
unlikely” given that the generators and the crane engi@eitical systems, such as HEPA filtered ventilation, will
will be located a considerable distance [30.5 m (100 ft) be designed with emergency backup power supplies.
more] from the delivery pipe. No release is expected givéherefore, a loss of electrical power will not result in a
the level of protection provided by the pipe and the corelease of radioactivity. This scenario is deemed to be “an-
tainment building. ticipated” given that it can be expected to occur at a nomi-

nal frequency of about once per year.
8.1.1.30 Pumped Emplacement:
Emplacement Facility Electrical 8.1.1.32 Summary of Design Basis Accident
Fire (Category 3) Scenarios and Release Fractions

The extensive use of electric motors to drive the ma- See Table 8.1.1.321-1 below.
jor mechanical systems of the emplacement facility, makes

Table 8.1.1.32-1. Summary of Design Basis Accident Scenarios and Release Fractions.

Accident Source Term | Respirable Fraction
Section Accident Scenario Frequency(@ at Risk Fraction Released
8.1.1.1 |Earthquake Extremely unlikely 5kg Pu 10~ 10713
8.1.1.2 |[Tornado Extremely unlikely NA No release No release
8.1.1.3 | Food Extremely unlikely NA No release No release
8.1.1.4 |Pu storage container breskage || Unlikely, 5kg Pu 107 10715
10-5/drum/yr
8.1.1.5 |Pu storage container breach Unlikely 5kg Pu 107 1015
10-%/handling
8.1.1.6 |On-SitePellet Unlikely, 5kg Pu No release No release
Transporter Accident 1.6 x 10%/truck km
8.1.1.7 |Pellet—-Grout Mixing Process || Extremely Unlikely 5kg Pu 107 10713
Facility Fire
8.1.1.8 | Ceramic Pellet Spill Unlikely 0.5kg Pu 107 10715
8.1.1.9 |Pellet—-Grout Mix Spill Anticipated 0.5kg Pu 6x 106 6x 10714
8.1.1.10 | Failureof Ventilation Blower || Anticipated 0.5/yr NA No release No release
8.1.1.11 |Lossof Electrica Power Anticipated Llyr NA No release No release
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Table 8.1.1.32-1. Summary of Design Basis Accident Scenarios and Release Fractions (Continued).

Accident Source Term | Respirable Fraction

Section Accident Scenario Frequency® at Risk Fraction Released
BUCKET EMPLACEMENT

8.1.1.12 |Bucket Dropped during Extremely Unlikely | 834 kgPu 6x 10~/ 6x1013
Emplacement

8.1.1.13 | Bucket Stuck in the Extremely Unlikely | 834 kg Pu No Release | No Release
Isolation Zone

8.1.1.14 | Bucket Stuck in Extremely Unlikely | 834 kg Pu No Release | No Release
Emplacement Zone

8.1.1.15 | Failure of Release— Extremely Unlikely | 834 kg Pu No Release | No Release
Fails to Open

8.1.1.16 |Failure of Release— Extremely Unlikely | 834 kg Pu 3x10° 3x 10712
Opens Early

8.1.1.17 | Pellet—Grout Setsin Bucket Extremely Unlikely | 834 kg Pu No Release | No Release

8.1.1.18 | Mixing System Breaks Pellets || Extremely Unlikely | 834 kg Pu 6x108 6x 10714

8.1.1.19 |PelletsBreak During Release || Unlikely 834 kg Pu 6x108 6x 10714

8.1.1.20 | Emplacement Facility Fire— Extremely Unlikely | 834 kg Pu No Release | No Release
Combustibles

8.1.1.21 | Emplacement Facility Fire— Extremely Unlikely | 834 kg Pu No Release | No Release
Electrica

8.1.1.22 | Lossof Electrical Power Anticipated N/A No Release | No Release
PUMPED EMPLACEMENT

8.1.1.23 | Rupture of Delivery Pipe Extremely Unlikely | 100 kg Pu 3x106 3x1012

8.1.1.24 | Pellet—Grout Solidifiesin Unlikely 100 kg Pu No Release | No Release
Delivery Pipe

8.1.1.25 | Delivery Pipe Dropped Extremely Unlikely | 100 kg Pu 6x 1077 6x1013

8.1.1.26 | Delivery Pipe Stuck in the Beyond Extremely 100 kg Pu No Release | No Release
Borehole Unlikely

8.1.1.27 | Mixing System Breaks Pellets || Unlikely 100 kg Pu 6x108 6x 1014

8.1.1.28 | Pellets Break During Release || Unlikely 100 kg Pu 6x108 6x 10714

8.1.1.29 | Emplacement Facility Fire— Extremely Unlikely | 100 kg Pu No Release | No Release
Combustibles

8.1.1.30 | Emplacement Facility Fire— Extremely Unlikely | 100 kg Pu No Release | No Release
Electrica

8.1.1.31 |Lossof Electrical Power Anticipated N/A No Release | No Release

(1) Corresponds to terminology defined in DOE-STD-3009-94.

Descriptive Word

Annual Frequency

Anticipated 101>p>102
Unlikely 102>p>10*
Extremely Unlikely 10%4>p>10"%
Beyond Extremely Unlikely 106>p
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8.1.2 Beyond Design Basis Accidents 8.1.2.1 Failure ofVentilation Filter
(Category 3)
As described in DOE-STD-3009-94, Section 3.4.3 the G . :
evaluation of accidents beyond the design basis is required A \{ent|lat|on filter fa|lure. could oceur in & process
by DOE Order 5480.23 for the Safety Analysis Repoy{entllanon system. A_HEPA f|Iter_c0uId fail due to mois-
(SAR) for a facility. The following paragraphs are exture collection onthe fllte_r, excessive pressure loading frpm
cerpted here from DOE-STD-3009-94, Section 3.4.3 & haust blower, excessive heat from a fire, or mechanical

define the scope of the beyond design accident analys 'ock. Failure of the HEPA filter alone is not expected to
result in the release of radioactive particulates. However,

DOE Order 5480-23 requires the evaluation of aCd’f;\dioac:tive particles could be released if the most signifi-
dents beyond the design basis to provide a perspectiv&fi)"f’.t consequences due to a filter failure invol\{es the gr.out
the residual risk associated with the operation of the fa({fl]-'x'nhg process. .It_|s postulatedfthlat a HEPA mtfr sgrr\]/ IC-
ity (See Attachment 1, paragraph 4.f(3)(d)11c, of the dpg the grout mixing process fails concurrently with a

der). Such beyond DBASs are not required to provide agbrputing process accident involving the spilling of 0.5[kg

. . i 0,
surance of public health and safety. Accordingly, they Serg%plutonll_J”rnd(lo /0 Of. t?? assumed \ée_ssel contents). lS orrée
as bases for cost—benefit considerations if conseque %e@e spiled material is converted into an aerosol an

exceeding the Evaluation Guidelines are identified in t §Comes airborne as respirable particles. The aerosols pass
beyond DBA range. Such cost-benefit analysis would ough the failed ventilation filters and are released to

performed outside the SAR with the concurrence of DO € environment. B_;ased on N.UREG'BZO’ _approximately
.0006% of the spilled material becomes airborne as a re-

Itis expected that beyond DBAs will not be analyze%oirable aerosol. This material is released to the Zonell
to the same level of detail as DBAs. The requirer,nen,[\/lgntilation area. If one filter of the three stage HEPA filter

that an evaluation be performed that provides insight irﬁ%ls' the fraction of airborne material penetrating the fil-

. X 8
the magnitude of the consequences of beyond DBAs (i.ts’éatlon system increases to-#rom 10, Therefore, 60

insight on potential facility vulnerabilities). This insighllo— of the material at risk will reach the environment.

from the beyond DBA analysis has serves to identify aéhis is judged to be a “beyond extremely unlikely” acci-

ditional facility features that could prevent or reduce s ?ntl becauie t;'ﬁllwould require successive occurrences of
vere consequences from beyond DBA accidents. FYjo low probability events.

nonreactor nuclear facilities, however, the sharp increase. . . , )
in consequences from DBA to beyond DBA is not antichtlgatlon features_:Actlvny release is reduced by serial
pated to approach that found in commercial reactors Whg}gltlstage HEPA filters.

the beyond DBA precedent was generated. No lower limjt . .
of frequency for examination is provided for beyond DBA! 1.2.2 gngontrollgd Chemical Reactions
whose definition is frequency dependent. It is understood (Category 3)

that as frequencies become very low, little or no meaning- There is no significant potential in the deep borehole
ful insight is obtained. disposition facility processes for uncontrolled chemical
reactions that could lead to releases of radioactive mate-
Operational beyond DBAs are operational accidenig|. Hydrogen will be produced in the battery of the
with more severe conditions or equipment failures thgminterruptible power system. Itis believed, however, that
are estimated for the corresponding DBA. For example i drogen detonations are possible with a bounding case
a deterministic DBA assumed releases were filtered Rat involves the pellet-grout mixing vessel. This vessel
cause the accident phenomenology did not damage thedintains approximately 5kg of Pu in a batch. It is assumed
ters, the same accident with loss of filtration is a beyofighat ceramic pellet contains 0.1% fractured pellets; based
DBA. The same concept holds true for natural phenogn NUREG-1320, it would be conservative to assume 10%
ena events (i.e., events with a frequency of occurrence thgghe inventory becomes airborne. This material would
is less than DBA frequency of occurrence). Beyond DBAse released to the Zonell ventilation system. Assuming a
are not evaluated for external events. three stage HEPA filter system, the fraction of the released
activity penetrating the filter system would be8 T here-
Based on the above clarification of the scope of there, the material at risk that could reach the environment
beyond design basis accident analysis this group of aggi-a result of an uncontrolled chemical reaction would be

dents will be analyzed to a limited scale in the PEIS phaggss than 1012 This is judged to be a “beyond extremely
The full scope treatment of this group is beyond the scopgiikely” accident.

of the Safety Analysis Report also. The information pro-
vided for these separate accident scenarios are summa-
rized in Table 8.1.2.5-1 of Section 8.1.2.5.
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Mitigation features:Accumulation of hydrogen withinthe 8.1.2.5 Summary of Beyond Design Basis
battery room would require that the UPS be isolated from Accident Scenarios and Release
process ventilation system. Fractions

8.1.2.3 Pellet Storage Criticality (Category 3)  See Table 8.1.2.5-1 below.

In accordance with NUREG-3.35l(clear Regula- 8.2 FAcILITY -SPECIFIC ACCIDENT
tory Guidg, the postulated pellet storage criticality event MITIGATING FEATURES
involves 138 fissions in the initial pulse, followed by 47
additional pulses, for a total of ¥fissions in 8Mir. The Safety features will be designed to mitigate the con-
criticality event characterized here is estimated to resaiquences of the postulated accident scenarios. These fea-
in 100% noble gas fission products; of these 25% are halares are identified and discussed after each accident
gen (iodine) radionuclides that would become airborngcenario description along with their probability of failure
These radioactive materials would be released to the Zoreaill impact on the plutonium release frequency. These fea-
ventilation system. The exhaust HEPA filters do not mittures are summarized here for ease of locating them as an
gate the release of noble gases and halogens. aid to design.

The plutonium concentration in the ceramic pellet The main mitigating features are of two classes:
design is sufficiently low to maintain criticality safety
under all postulated accidents and natural phenomena chn- Confinement/Containment Systems
ditions. The facility is designed to preclude flooding in
the storage area. Therefore, a nuclear criticality accidént Accident Progression Control Systems
in the pellet storage vault is judged to be a “beyond ex-

tremely unlikely” accident. These features are in addition to the prevention and

protection systems that are built into the design, construc-

8.1.2.4 Pellet—Grout Mixing Process tion, installation, fabrication, operation, and quality assur-
Criticality (Category 3) ance of the structures, systems, and components (SSCs)

by using industry standard practice and methods. In addi-

In accordance with NUREG-3.35, the criticality eventson, design margins (e.g., safety factors, increased toler-
involve 10'8 fissions in the initial pulse, followed by 47ance, beyond design performance parameters) provide re-
additional pulses, for a total of ¥fissions in 8Mir. The sistance to the occurrence of accidents.
criticality event described here is estimated to result in
100% noble gas fission products; of these 25% are halo- The main mitigating feature of the confinement group
gen (iodine) radionuclides that would become airbornis. the ventilation system with HEPA filter. Redundant
These radioactive materials would be released to the ZortdHPA filters provide mitigation for release of plutonium
ventilation system. The exhaust HEPA filters do not mitte the outside environment in the event of an accident that
gate the release of noble gases and halogens. compromises the prevention and protection systems.

The plutonium concentration in the ceramic pellet The main suppression feature is the automatic fire
design is sufficiently low to maintain criticality safe unsprinkler systems and similar systems that assist operator
der all postulated accidents during pellet—grout mixiragtions for mitigation.
process conditions. Therefore, a nuclear criticality acci-
dent in the grout pellet mixing process is judged to be a Seismically hardened design, tornado dampers, fire
“beyond extremely unlikely” accident. dampers, and construction of the facility grade above the

maximum probable flood level (MPF) are examples of
Mitigation features: Plutonium concentration in the pel-protection features that will be considered from the pre-
let is designed to ensure that an accidental chain reactiorinary design stage through the construction stage.
is not credible, even under water saturated fully reflected
conditions. Storage container design with low seal stress mini-
mizes the container breakage. Shipping packages and casks
will be designed with double containment for transporta-
tion safety.
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Redundant on-site emergency power system and UPS The plutonium concentration in the coated ceramic
as a backup to the off-site power system is another imppellets has been specified at level low enough to ensure
tant mitigation system against loss of off-site power. Thieat an accidental chain reaction would not cause a criti-
battery room ventilation system mitigates the buildup eflity accident undesiny dry and water-saturated opera-
hydrogen gas in the room. Cranes, hoists, storage ratksjal and accident condition. Furthermore, the tough non-
and borehole steel lines are all designed for fail-safe dpu-loaded ceramic coating of the ceramic pellets provides
eration. a substantial primary containment barrier to the release of

plutonium to the environment during pre-closure surface
processing and borehole emplacement operations.

Table8.1.2.5-1. Summary of Beyond Design Basis Accident Scenarios and Release Fractions.

Accident Source Term at | Respirable Fraction
Section Accident Scenario Frequency® Risk Fraction Released
8.1.2.1 |Failureof Ventilation Filter || Beyond Extremely 0.5kg Pu 6 %106 6 x 10712
Unlikely
8.1.2.2 | Uncontrolled Chemical Beyond Extremely 5kg Pu 106 10712
Reaction Unlikely
8.1.2.3 | Pellet Storage Ciriticality Beyond Extremely 1019 prompt 1noblegas | 1noblegas
Unlikely fissionsin8 hr | 0.25 halogen | 0.25 halogen
noble gas and
hal ogen fission
products release
8.1.2.4 | Pellet—Grout Mixing Beyond Extremely 1019 prompt 1noblegas | 1noblegas
Criticality Unlikely fissionsin 8 hr | 0.25 halogen | 0.25 halogen
noble gas and
hal ogen fission
products release

(1) Corresponds to terminology defined in DOE-STD-3009-94.

Descriptive Word
Anticipated
Unlikely
Extremely Unlikely

Beyond Extremely Unlikely
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9. TRANSPORTATION

9.1 INTRASITE TRANSPORTATION double containment. No special safety or security require-
ments beyond those applied to off-site inter-facility trans-

9.1.1 On-Site Transportation of Radiologi- portation are required for on-site transit of these trucks

cal and Hazardous Materials from the site entrance to the Surface Processing Facility
along the route identified as Plutonium Transportation
Currently, the transportation of radioactive materid&oute 1 in the On-Site Transportation Map.

on-site at a DOE facility is not covered by Federal Regu-

lations. Regulations will be developed for the transport8.1.3 Disposal Form Transportation to

tion of plutonium in the form of ceramic-coated ceramic Emplacing—Borehole Sealing Facility

pellets loaded with plutonium. The transportation of plu-

tonium in non—weapons grade materials is controlled by The Pu-loaded coated ceramic pellets that arrive at

DOE-EH. the Surface Processing Facility in 208-L (55-gal) metal
transportation containers, will be inspected and stored in

The transportation of immobilized plutonium feed mathe same packages. These transportation packages will be

terial and the plutonium in its final disposal form on-siteansported by truck to the Emplacing—Borehole Sealing

does not represent a significant potential impact to the dffacility along the route identified as Plutonium Transpor-

site environment because the disposal form will arrive otation Route(2 in the Site Plan and Transportation Route

site in hermetically sealed transportation packages witap (Figure2.1.2-2). DOE-approved intrafacility trans-

double containment (see Section 9.2). After undergoipgrtation trucks, equipped with special container handling

MC&A processing and being hermetically resealed in thixtures will be used. These enclosed trucks will conform

same packages they will be stored in the receiving atadsite environmental, Materials Control and Accountability

storage building of the Surface Processing Facility. ThéyIC&A), and Safeguards and Security (S&S) requirements.

are moved on-site as needed from the storage building to

the Emplacing—Borehole Sealing Facility in the same c0o8.2 INPUT MATERIAL STREAMS

tainers. The transportation routes used and the procedures

that are adopted to mitigate accident related potential iBi-2.1 Fissile Material Packaging for

pacts are addressed below. Transportation

Nonradioactive hazardous materials transported dAackaging Criteria

site are non-Pu-loaded filler ceramic pellets, process chemi-

cals, chemicals used for plant operation and maintenance, Shipments of radioactive materials fall into three cat-
drilling, emplacement, and borehole sealing operationsegjories: (1)Ibw specific activity (LSA), (2)TypelA quan-
the borehole array, waste management chemicals, fuel tties, and (3)dype[B quantities. The Pu-loaded ceramic
and gases, and gases used for on-site fabrication purppstiets fall into the TypeB category because of the activ-
as identified under Resource Needs in Chapter 5. Thégeand quantity of plutonium in the ceramic material. A
materials will be transported on-site in appropriate vehicl&gpeB package is designed to retain the integrity of con-

subject to applicable safety regulations. tainment and shielding when subjected to both normal and
accident conditions. Because the total activity of plutonium

9.1.2 Feed Form Transportation to the to be transported in the package is greater thanglugian-
Surface Processing Facility tities for normal plutonium forms, the material must be pack-

aged in accordance with a DOT Certificate of Compliance,

In this Deep Borehole Disposal Facility design, than NRC Certificate of Compliance, a DOT exempt packag-
feed material is in the form of Pu-loaded ceramic-coatewj system or a DOT specification package.
spherical ceramic pellets, 2.54 cm (1lih.) in average diam-
eter, which are fabricated at an off-site immobilization In addition, according to 10 CFR-71.63, plutonium
facility. At a plutonium loading of 1% by weight andin excess of 20 curies per package must be packaged in a
5yr plutonium equivalent plutonium disposal rate, thiseparate inner container placed within an outer container
represents 500[yr of Pu-loaded ceramic pellets arrivingth both containers meeting leak testing requirements.
at the Surface Processing Facility to be received and stofEuis is referred to as the “secondary containment” or
This Pu-loaded ceramic feed material will be delivered tdouble containment” requirement. Extra shielding for
the Surface Processing Facility in DOE-approved SSTsrediation protection is not required because the
208-L (55-gal) metal drum transportation packages withdioactivity of the pellets is low. Finally, because of the
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large quantity of plutonium per package, shipment by thige extent that they are not practical for bulk shipment of
Safe Secure Transport System by Safe Secure Trailer (Siaige volumes of ceramic pellets at low plutonium load-

is required. ings. The DOE DC-1 package, designed and certified by
the Martin Marietta Energy Systems Y-12 Plant, may be
Currently Available Packages adapted to this application by modifying and recertifying

the package for Pu-loaded ceramic pellets. A more suit-

A preliminary search of available packages for thable package is the Type[B 208-L (55-gal) drum package,
bulk transportation of Pu-loaded ceramic pellets indicatsisown in Figure.2.1-1, that is currently being designed
that there are no currently certified NRC-, DOT-, or DOy Westinghouse, Hanford. This design, however, is in
approved packages with volumes large enough to contdie pre—conceptual design phase, and additional work
2.5 to 5[Kg of Pu in ceramic pellet form at 1% Pu loadingould be required to certify this package for the Pu-loaded
by mass. The capacity of the DOT-6M specification packeramic pellets.
age is limited by the 2R inner vessel volume to about
2.294 L (140(r). This limits the amount of pellet-form A comparison between the 6M/2R, DC-1, and two
plutonium in one 6M/2R package to impractically lowoading variants of the Westinghouse TypelB drum at
gram quantities (55[d). There are NRC certified Type®055, 0.41, 3.6, and 5.1[Kg of plutonium per package, re-
packages with adequately large cavity volumes. Howevepectively, is given in Table©.2.1-1. The cost estimates in
these packages, intended for the transport of highly radilbe table assume that these packages are decontaminated
active materials, are large and heavy because of shieldamgl reused as long as they meet the required tests prior to
requirements and are severely restricted in Pu quantitystopment. The Deep Borehole Disposal Facility requires

UTER CONTAINMENT
TOP COVER

SPACERS—\
\I NNER CONTAINMENT

TOP COVER

208 LITER (55 GALLON) DRUM
FOAM . /
/]
INNER CONTAINMENT
/BOTTOM SECTION
\OUTER CONTAINMENT

BOTTOM SECTION

sPACERsX

Y COATED
C PELLETS

—

M

Figure 9.2.1-1. Modified Westinghouse Hanford Type B 208-L (55-gal) Drum Package.
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Table 9.2.1-1. Candidate Packagesfor Transporting Immobilized Ceramic Pellets.

Westing. Westing.
Martin Hanford Hanford
Package DOT Marietta Type B Type B
Type 6M/2R(D) DC-1( (3.6 kg) (5.1kg)
Plutonium/Pell et (9 0.3432 0.3432 0.3432 0.3432
Weight/Pellet (9) 34.32 34.32 34.32 34.32
Pellet packing vol. fraction (%) 60 60 60 60
Plutonium/package (ka) 0.055 0.41 3.6 51
Pellets/package 160 1,195 10,490 14,860
Pellet weight/package (ka) 55 41 360 510
(Pellets + Package) Weight (kg) 92 391 820 1,100
2-Month Supply of Packages 15,152 2,032 232 164
Total # of Packages Shipped 909,091 121,920 13,920 9,804
Cost/Package (US9) 2,000 6,000 10,000 10,000
Total purchase cost® (US$M) 18.18 12.19 2.32 1.64

(D) Completely filled to maximum capacity.
(2 Container design and loading proposed for the Deep Borehole Facility, filled nearly to maximum capacity
(16,100 pellets).

(3 Cost of a2-month supply of packages: Deep Borehole inventory (1-month supply), Immobilization finished
storage, and Transportation pipeline (1-month supply).

an estimated 1-month supply of ceramic pellets in inverequire less time and is estimated to cost about $0.5 mil-
tory for processing. The 2-month supply of packages lion.
Table@.2.1-1 assumes that an additional 1-month supply
of packages would be in the transportation pipeline, bdh2.2 Transported Fissile Materials and
in transit and in storage at the immobilization facility await- Shipping Volumes
ing shipment.
The input material streams that require transportation

The Type[B 208-L (55-gal) drum package being d&etween the Deep Borehole Disposal Facility and off-site
signed by Westinghouse, Hanford is the package prefertechtions are listed in Table 9.2.2-1. The only radioactive
at this time for the Pu-loaded ceramic pellet option bawput material to the facility are the 1% Pu-loaded coated
cause its simpler design and larger capacity would reduszamic pellets from the Immobilization Facility. In addi-
the cost of the packages, the cost of transportation, dioth, the non-Pu-loaded, uncoated, commercial grade, filler
perhaps more important, the handling costs during peltetramic pellets are also identified here. The Modified
packaging and processing. Even larger packages witkestinghouse Hanford 5.1[Rg Type[B package described
double containment, and other alternatives, will be coabove is assumed to be the package used for transporting
sidered in the future for bulk shipment of the Pu-loaddde Pu-loaded coated ceramic pellets from the Immobili-
pellets. The design and certification of an entirely nemation Facility to the Deep Borehole Disposal Facility. The
package will cost between $1.5 million and $3.0 milliomaximum cargo weight of an SST of 5,443 kg (12,0000b)
and will require from 3 to 5yr. Modification of thepermits only 5 of these packages to be transported in an
Westinghouse Hanford 5.1-kg Type[B package and BST per shipment.
certification for transporting Pu-loaded ceramic pellets will
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Table 9.2.2-1. Intersite Transportation Data.

Category Input Material No. 1 Input Material No. 2
Transported Materials
Type 239py-| oaded ceramic coated Non-Pu-loaded commercial -
ceramic pellets grade uncoated ceramic pellets
Physical Form Pu immobilized in 2.54-cm-diam || 2.54-cm-diam uncoated spherical
spherical ceramic coated ceramic || ceramic pellets
pellets; no Puin ceramic coating
Chemical Composition Titanate-based Synroc ceramic Titanate-based Synroc ceramic
with Zirconolite and Perovskite || with Zirconolite and Perovskite
as main constituents; 1% Pu- as main constituents
loading by mass, Gd neutron
poison on a1l mole Gd to 1 mole
Pu basis.
Packaging
Type 208-L (55-gal) drumin double 208-L (55-gal) drum
containment transportation
package (proposed)
Certified by DOT/DOE DOT
Identifier None None
Container Weight (kg) 590 32
Material Weight (kg) 510 500
I sotopic Content (%) 93% 239Pu, 6% 240Pu, 1% (trace || N/A
i sotopes)
Average Shipping Volume
Quantity/yr 500 t 1% Pu-loaded ceramic 500 t non-Pu-loaded uncoated
coated ceramic pellets ceramic pellets
Average number of packages 980.4 1,000
shipped/yr
Total number of packages 9,804 over 10 years 10,000 over 10 years
shipped
Average number of packages 5by SST 20 by commercial truck
per shipment
Number of shipments/yr 196 50
Total number of shipments 1,961 over 10 years 500 over 10 years
Routing
Destination facility type N/A N/A
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11. GLOSSARY

11.1 SpeciaL TERMINOLOGY

Bentonite: A naturally occurring highly impermeable and chemically sorptive clay material that contains the swelling
clay material smectite. It can also contain quartz, mica, feldspar, and calcite.

Borehole Array area: The northern parf the De@ Borehole Disposal Facility occupied by the borehole array and
including the Drilling and Emplacing—Borehole Sealing Facilities.

Casing: Structure used to line the borehole and to prevent an inflow of material or water.

Cementing: The process of pumping a grout slurry either into the borehole or into the space between the borehole wall
and the casing in borehole cementing operations.

Closure period: The period extendingdm the ending of the opation perod to the completion of baélling and
sealing the deep boreholes and decontaminating, decommissioning of the facility as a whole, and making the facility
ready to be placed on post-closure status.

Concrete: A mixture of cementsand water,sand (“fne ggregate”),and 0.635-2.54 cm (0.25-1.0 in.) diam solid
particles called the “coarse aggregate.” Chemical additives such as water reducers, superplasticizers, and swelling
agents and materials such as silica fume and fly ash are often part of high-performance concrete formulations.

Construction period: The period extending from the beginning of construction activity to the commissioning of the
deep borehole facility for acceptance of plutonium for disposal.

Disposal form: A generic term applied to the physical and chemical form of the plutonium-bearing material that is
emplaced in the borehole. In the present immobilized deep borehole disposal facility design, it is Pu-loaded ceramic-
coated ceramic pellets.

Disposal option: Any one of a number of alternatives identified for permanently disposing of weapons-usable excess
fissile materials.

Disposition option: Any one of a number of alternatives identified for safely and securely storing, burning in reactors,

or permanently disposing of weapons-usable excess fissile materials. These include long term storage in combination
with high-level nuclear waste in a mined geologic repository, using as fuel in special reactors to convert to non-fissile
fission products, geologic disposal in a deep borehole.

Drilling Facility: One or more drilling units each consisting of a drill rig, associated mud and water pumps, cementing
trucks, storage tanks, standby generator, mud pits, personnel trailers, etc., as shown in the Drilling Facility Plot Plan.

Emplacing—Borehole Sealing Bcility: One or moe disposaldrm emplacing and behole sealing units consisting of
a crane, ceramic pellet—grout mix emplacing units, cementing trucks, pumps, waste treatment plant and personnel
trailers, etc., as shown in the Emplacing Facility Plot Plan.

Emplacement canister: A metal canister in which a disposal form is emplaced within the borehole in canistered
disposal options. No canister in used in the ceramic pellet disposal form option addressed in this report.

Emplacement zoneThe bottom part of a deep borehole (2 km) where the disposal form is emplaced.

Grout: Specialy formulaed cement/sandater mixtuies with ¢iemical aditives. Difers from concete ly the d-
sence of coarse aggregate material. Used for hydraulic sealing of void spaces.
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High-level nuclear waste:Highly radioactive fission products resulting from reactor operations and nuclear fuel
reprocessing that has radioactivity exceeding certain regulatory radiation limits.

Isolation zone: The upper part of a deep borehole (2 km) extending from the top of the emplacement zone to the
ground surface used to seal and isolate the emplaced disposal form from the biosphere.

Main Facility: The southern part of the Deep Borehole Disposal Facility that includes all facility buildings and storage

areas excluding the Borehole Array in the northern part. This includes the Surface Processing Facility, the Utility
Support Facility, the Plant Waste Management Facility, the Central Warehouse, the Administration offices, Security,
ES&H and Medical Centers, the Fire Station, and the personnel services building.

Mud: The fluid used in the drilling process. Often contains additives that cause it to appear mud-like.

Operation period: The period extending from the commissioning of the facility for acceptance of plutonium for
disposal to the emplacement of the final load of plutonium and termination of accepting plutonium for disposal.

Post-closure period:An indefinitely long perod (hundeds of millions of gars) extending from closeiof the &cility
to a time when the emplaced waste is no longer a security or safety hazard. It is expected that at least during the early
years, the facility will be safeguarded and monitored.

Pre-closure period: The peiod covering the constiction, opeation, and ¢osure (decontamirteon and decommis-
sioning) phases of the Deep Borehole Disposal Facility.

Surface Processing FacilityThe plutonium processing area of the Deep Borehole Facility in the receiving and pro-
cessing building in the Main Facility area.

Sealant: A generic term used to refer to materials used to install low permeability seals within the borehole. The
sealant materials for each of these uses are generally different and are as yet undefined, although many candidate
materials are being considered. The latter include grout, bentonite, bentonite/sand mixtures, and other naturally occur-
ring clays.

Transportation containers: The intefor pat 208-L (55-@l) drum pimary container of the &msporttion pakage
used for transporting the Pu-loaded ceramic coated ceramic pellet disposal form from the Immobilization Facility to
the Deep Borehole Disposal Facility.

Transportation package: The 208-L (55-gl) drum primay container plus thex¢ternal douke containment asseriyb
used for transporting the Pu-loaded ceramic coated ceramic pellet disposal form from the Immobilization Facility to
the Deep Borehole Disposal Facility.

11.2 ACRONYMS AND ABBREVIATIONS

CFE Critical Flood Elevation

DBE Design Basis Earthquake

DBF Design Basis Flood

DBT Design Basis Tornado

DOE Department of Energy

DOT Department of Transportation
EIS Environmental Impact Statement
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EKG

EPA

ES&H

FMCD

HEPA

HLW

HVAC

IAEA

km

KTB

LA

LANL

LLW

LLNL

MAA

MC&A

MBA

MPF

MVA

MW

MWh

NESHAP

NRC

OSHA

PA

PEIS

PPA

Electrocardiogram

Environmental Protection Agency
Environmental Protection And Health

Fissile Materials Control and Disposition

High Efficiency Particulate Air

High-Level Waste

Heating, Ventilating, and Air Conditioning
International Atomic Energy Agency

Kilometers

German Scientific Drilling Program

Limited Area
Los Alamos National Laboratory

Low-Level Waste
Lawrence Livermore National Laboratory
Material Access Area
Materials Control & Accountability

Materials Balance Area

Maximum Probable Flood
Megavolt Amperes

Megawatt, Mixed Waste

Megawatt Hours

National Emission Standards for Hazardous Air Pollutants
Nuclear Regulatory Commission

Occupational Safety And Health Administration
Protected Area

Programmatic Environmental Impact Statement

Property Protected Area
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PRA Probabilistic Risk Assessment

psia Pounds Per Square Inch Absolute

R&D Research and Development

RCRA Resource Conservation And Recovery Act
ROD Record of Decision

S&S Safeguards And Security

SAR Safety Analysis Report

SFM Surplus Fissile Material

SKB Swedish Nuclear Fuel & Waste Management Co., Sweden
SNM Special Nuclear Material

SSC Structures, Systems, and Components
SST Safe Secure Trailer

t Metric Ton (1,000 kg)

TRU Transuranic Waste

UPS Uninterruptible Power Supply

VA Vulnerability Threat Assessment

WIPP Waste Isolation Pilot Plant
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